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Abstract
The functional movement screen (FMS) was developed as a clinical tool to give
insight on an individual’s ability to control functional movement patterns. A fundamental
idea to help address people’s dysfunctions in order to help prevent future injury in
athletics. As its popularity grew in the clinical setting more people started to use FMS as
something other than what it was initially intended. FMS has a strong a relationship with
coordination and flexibility of the individual being tested. That being said it is important
to research other aspects of athleticism that could play a role in how well someone scores
on FMS and visa-versa. The movements tested in FMS are the basic movement patterns
seen in everyday athletics and weight training. If there is a direct relationship between
FMS scores and potential of an athlete to score well in athletic performance testing then
FMS value could drastically increase. In this study 99 participants from the active roster
of a Division I football team were all tested via the FMS during preseason. Also as a part
of strength and conditioning procedures participant’s body compositions and maximal
athletic performance scores were collected as well. This paper will investigate the
relationship between the three clinical assessments to see if one is predictive of another.
The score of an individual’s FMS test could give direct insight on how well an athlete is
expected to do on specific tests. It would make sense that all of these factors could be
interrelated but to what extent is still unknown.
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Chapter 1
Literature Review
The Functional Movement Screen
In the realm of athletics the tide has shifted from recruiting players based on their
performance to a more forward thinking approach of potential and worth. This has
created a market for being able to predict accurately the physical and mental criteria that
allow an athlete have a prolific and durable career. Functional Movement Screening
(FMS) has been adopted over the years by multiple sporting venues to do just that.
According to research in the field presently the FMS test can not only screen for ongoing
physical deficiencies in the kinetic chain but also predict chances of missing playing time
due to injury in the future. One of the first implications of the tool’s applicability was
shown by (Kiesel, 2007) when he found a probability rate of injury based on lower FMS
scores. With the amount of current use in the athletic field of FMS testing, it’s crucial to
explore its limits and bounds.
Gray Cook who is a practicing physical therapist with no shortage of relevant
degrees and certifications in the kinesiology field as well as Lee Burton, who has a
doctorate in health promotion and wellness and is also Athletic Trainer Certified,
developed the FMS test (Cook, 2006). During the development of the FMS test, Gray
was interested in a holistic approach of movement systems that humans develop from as
early as infancy and how they can become dysfunctional over time (Cook, 2006). He
focused on the motor learning process and the types of kinetic chain dysfunctions that
people, especially athletes, acquire over time. For the athletic population or even the
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physically fit, these deficiencies in movement patterns can leave the body exposed for
acute or chronic musculoskeletal injury.
The goal of FMS testing is to assess a person’s movement patterns and identify
their asymmetries that can optimistically be addressed and corrected through muscle
training. These asymmetries usually include but are not limited to, tight, weak, or injured
muscles, and poor coordination of muscle activation. This leaves room for compensatory
movements facilitated by improper musculoskeletal mechanics, which increases risk of
injury (Cook, 2006). In other research that looked at fitness tests in military training
facilities, the FMS score was found to help identify those more at risk for injury in
conjunction with other physical measures (Lisman, 2013).
The Functional Movement Screen itself is a series of seven different tests found to
best display the movement patterns of human kinetics and these test put a numerical
value to assess how well a person can functionally control their body’s movement. The
Seven different tests are made up of a deep squat, straight leg raise, in-line lunge, Single
leg hurdle step, shoulder mobility reach, trunk push up, and core stability test. There are
several other tests incorporated in the FMS such as the lumbar flexion and extension tests
as well as the shoulder impingement test, which rule out the experience of pain in these
high-risk injury areas. A clinician who has experience in the participant matter usually
administers the screen and each of the seven physical tests is scored on a scale of 0 to 3.
Scoring is as follows; Receiving a 0 on a test would indicate the participant experiences
pain during the movement, a 1 would indicate the participant can complete the movement
but with highly noticeable compensation and dysfunctional movement, a 2 would indicate
not quite perfect completion of the movement but limited compensation or dysfunctional
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movement, and a 3 would indicate nearly perfect movement with no compensatory
techniques or dysfunctions to complete the task (Cook, 2006). Since tests such as the
straight leg-raise, hurdle step, inline lunge, shoulder mobility reach, and core stability
test, all have bilateral components to them; the lower of the two scores for each test is
used in calculating the total FMS score. The final score is out of 21 total points and the
higher the score, theoretically the better the participants functional movement pattern is
said to be.
As for mentioned, the FMS test produces a value of 21 to rate how well a person
can functionally move, which is the simplest manner in which the Functional Movement
Screen can be used. More experienced administrators can put a participant through a test
and point out specific musculoskeletal asymmetries during each individual physical
exam. After the exam an in depth plan can be developed to help the participant correct
the dysfunctional patterns. As shown in research, an off-season intervention-training
program can be shown to increase FMS scores and reduce the amount of asymmetries in
athletes (Kiesel, 2009). With amount of potential implications that FMS testing can have
with athletics and injury rates, it’s important to examine it from every aspect before
adopting it as the gold standard for movement patterns in human kinetics.
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Reliability of FMS Testing
When considering the application to the sports medicine field that the Functional
Movement Screen has taken on in such a short time, it is clear that the FMS livelihood is
based on the ability of producing a score in a consistent and accurate fashion. In the
sports medicine field clinicians try to evaluate an athlete with as least subjectivity as
possible and utilize objective measures such as an FMS score or special tests. Whatever
the case complete objectivity is rarely attainable, especially in the case of FMS scores
since each clinician’s education and evaluation skills are different. This raises one of the
first challenges brought up against FMS testing; its reliability to produce consistent
results via the same and or varying clinicians. The ability to yield the same or similar
results between an allotted number of raters and having a high agreement is referred to as
having good Inter-rater reliability or concordance. The ability for one clinician to
reproduce the same results testing the same thing at different points in time is known as
intra-rater reliability.
Functional Movement Screening has came under scrutiny in both categories since
the use of the FMS depends on recognition of functional movement patterns, previous
experience and training level comes into play. Ideally, it has been shown by Smith et al
that a two-hour training session has been sufficient enough to lead to consistent scores by
people with varying degrees of experience (Smith, 2013). Other research has found that
after testing different levels of experienced athletic trainers including students, certified
athletic trainers have an intra-rater reliability of at least [ICC: 0.77; 95% CI: 0.3170.923]but the athletic training students were not able to reproduce the same scores
consistently [ICC: 0.37; 95% CI: 0.798 – 0.780] (Gribble, 2013). This study revealed
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levels of moderate to high intra-rater reliability have been shown but it in this case people
without experience were inconsistent on reproducing the same results on a week-to-week
basis.
In another study, 8 novice doctorate physical therapist students observed and
assessed 64 active duty members via the FMS test. The examiners showed again to have
a high intra and inter reliability rates at 0.76 and 0.74 ICC respectively (Teyhen, 2012).
This again notes the variability in the experience needed to produce accurate testing
results however in this study the PT students did undergo a 20 hour training session from
other trained PT’s prior to evaluation. It’s difficult to tell if the reliability would have
been impacted from the training session but it would be uncommon that a clinician would
be using the Functional Movement Screen without having any knowledge or training of
the tool beforehand.
Elias et al looked into inter-rater reliability of FMS scores but focused strictly on
inexperienced physiotherapists and the use of video analyses. The results showed high
inter-reliability of the 20 physiotherapist examiners at an ICC of 0.90 however, the ability
to view the video multiple times before rating the participants functional movements led
investigators to believe rates were inflated (Elias, 2013). Not only does video make it
easier to focus on different parts of the body during each of the seven tests but it allows
you to review the movements multiple times. Perhaps capturing video of the Functional
Movement Screen for each participant can be developed into the gold standard for
analysis. It should also be noted that the 5 participants were elite squash players who may
have better functional movement patterns that are easier to rate.
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Additional research in video analysis has led to the use of a one hundred-point
scale as opposed to the traditional twenty-one-point scale. Butler et al establishes the
ability to have an inter-rater reliability as high as 0.91-1.00 with the use to the one
hundred-point scale. Again video analysis is used which enables replay capability but this
study also used two experienced and trained clinicians to evaluate the video of 30 middle
school-aged students, so these could all be factors contributing to high inter-reliability
rates produced. The one hundred point scale has certain areas weighted such as the deep
squat which was developed based on the neurodevelopment hierarchy within the seven
tests themselves (Butler, 2012). Tests that are whole body movement driven provide a
larger amount of points available to add to the final score of 100. For example, the deep
squat has a possibility of 18 points while the shoulder mobility test only warrants a total
of 8 points. This point scale can certainly increase the rates of reliability but has yet to
become used more readily than the 21-point scale clinically.
There is no shortage of variables involved in the arguments against the Functional
Movement Screen reliability but the amount of evidence is astounding and cannot be
ignored. Multiple studies have been done reproducing high rates of intra and interreliability especially with differing experience levels and with athleticism of participants
from all ranges. Not only have the test shown FMS to be reliable but they have also
shown the variance in its application. Depending on what exactly a clinician is using
FMS can change how important accuracy of the participant’s scores is. In most cases they
prove to have reliable data.
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Predicting Injury in Sport
As technology advances and research into health and wellness progresses, the
amount of objective tools used by consumers to assess physical fitness will continue to
grow. An interesting aspect of these phenomena is the claims of such tools to help predict
higher occurrence of injury in sport. For instance, claims have been made that athletes
with higher percent body fat are at risk for sustaining more musculoskeletal injuries due
to the higher stress on the tissues. Tools like the Bod Pod and hydrostatic weighing or
even electrical impedance can help illustrate objective measures. Another instance is the
use of algorithms to predict VO2 max from running or biking certain parameters in a
given amount of time. Usually having a higher V02 max correlates with being in top
physical shape and with having a significant chance of less injuries but that is far from
the case. Although not its original application when developing the functional movement
screen, injury prevalence has been a focus of more clinicians as literature continues to
develop.
In a study done in 2007 specifically with players from the National Football
League, it was hypothesized that preseason functional movement screen scores would be
able to predict injury rates during a profession football season. Forty six NFL players
from one team were observed and results showed that players who scored equal or below
14 points were statistically 36% more probable of sustaining injury then those who
scored above 14 (Kiesel, 2007). The study also had high specificity rates of 0.91 ruling
out the chance of numerous false positives. This was the first research of its kind on FMS
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testing and set a cutoff for clinicians to be concerned about their athlete’s movement
patterns, especially in NFL players.
Since then FMS testing has become a huge part of the National Football league
combine testing and coaches and staff use these numbers to help decided the future of
their teams. In some literal instances, millions of dollars are depending on the strength of
evidence and applicability of FMS scores for these franchises and its prospect players.
Evidence based medicine in this cases should surpass all theoretical hypothesis and as
FMS started to grow in usage, the clinical community questioned its ability to predict
injury in sports other than football.
Currently it has been said that a score of less than 14 points on an FMS test puts
an athlete at a significantly higher injury risk rate (Kiesel, 2007) however it has been
difficult to show similar results across the varying sports. In this research, they defined
being injured as missing at least 3 weeks of football or being placed on the injured
reserve. From a clinical standpoint it’s difficult to attribute any of the same criteria for
injury time in other sports because unlike almost all other sports, in season competition
only takes place once a week. The return to play parameters is different since the amount
of games is limited in a football season and games are played only once a week and in
some cases during a bye-week, once every two weeks. There may be more of a rush to
return to play and participate through injury since each game is more valuable. Just
recently in a survey taken by ESPN, majority of players said they would play in the super
bowl regardless of knowing they sustained a concussion. The mentality of the sport of
football is different and that alone could impact the study that found a score of 14 to be
the cut off for participants.
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In order to be able to confidently apply these findings other studies have been
done with athletics such as track, soccer, hockey, and even military training. However
these studies had trouble reproducing similar and significant results. Research in FMS
scores in elite USA track athletes was able to reproduce the sensitivity and specificity
results described by Kiesel et al but they didn’t find the same rates of injury prediction
(Chapman, 2013). They found that injury rates were more predictable in female track
athletes rather than in male, but still had a significantly lower predictability then previous
research. This study also looked FMS scores ability to predict athletic performance using
the 14-point or less scale and found only a small correlation between males with higher
FMS scores and their ability to increase performance in their specific track event over a
2-year period. Overall very inconclusive on FMS application to the realm of track since
the data did not have many significant results but it makes a note that athletic
performance can somewhat be foreshadowed by the use of functional movement
screenings.
Additional research in predicting injury has shown more promising results. After
studying 847 men enrolled in Marine Corps officer candidate training who were put
through pre physical fitness such as pull-ups, abdominal crunches, a three mile run, and
FMS testing, there injury rates during a six or ten week training session were analyzed. It
was found that the only test significant in predicting injury rates was having a running
time greater than 20 minutes and 30 seconds. Males with times slower than that were 1.7
times more likely for sustaining an injury. On its own the functional movement screen
was not significant enough to predict injury but in conjunction with running time, scoring
a low FMS score and running 3 miles slower than 20.5 minutes left the males at 4.7 times
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the risk of becoming injured (Lisman, 2013). Unlike previously mentioned research the
FMS testing wasn’t significant enough to predict injury rates strictly from scoring below
14.
These findings in military training participants show that FMS has some statistical
weight in producing injury rate in more generalized athletics where sport is not specific
more so when used in addition to other objective measurements of fitness. This study on
the other hand is flawed in some aspects such as the way an injury was defined as; An
event resulting in physical damage to the body during which cause participant to seek
medical care 1 or more times. Very different from missing at least 3 weeks of
participation in football, the military study had minor injuries that may not have withheld
a participant from participating in physical activity because not all injuries seeking
medical care led to being held out. This study may have had inflated injury rates leading
to a higher rate of statistical significance. Also the study only looked at the male
population so these results again cannot be applied with confidence to females who are
physically active.
In 2010 at the university of Arizona, Chorba et al decided to look at FMS testing
from a female perspective. Overtime research has shown females to be more at risk for
lower extremity injuries such as tears in their anterior cruciate ligament of the knee.
Theorized reasons for this phenomena have been anywhere from the different angle in
females hips when compared to men changing the q angle all the way to the hormonal
difference between sexes due to menstrual cycles in women. Whichever the case it would
be crucial for the application of FMS testing to ring true to female athletes. Clinicians
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could address issues during pre-season and prepare the athletes by correcting functional
movement patterns.
In another study, they collected 38 NCAA Division II female collegiate athletes
from volleyball, basketball, and soccer and run them through FMS testing at the
beginning of their respective seasons (Chorba, 2010). Participants who were injured in
the previous 30 days or received surgical intervention preceding FMS testing were
excluded from the study. Of the 38 participants tested 7 females had previously injured
their ACL. Incidents of injury were recorded over their season and results showed
females who scored under 14 on FMS testing had a 3.85 more likely chance of sustaining
injury for all participants and 4.58 odds excluding players who sustained a previous ACL
injury (Chorba, 2010). Not only did 69% of females who scored less than 14 out of 21 on
the FMS test sustain an injury during the season but also the specificity and sensitivity
was duplicated when compared to Kiesel’s and Lisman’s findings.
The previously mentioned results corroborate the findings of Kiesel showing that
FMS scores can with confidence be able to help predict higher injury rates in athletes,
and for the first time in females. Also since Chorba used a participant pool from multiple
sports the application can be more easily accepted for different female sports. Perhaps the
FMS screen is more suited for female athletics since they have higher injury rates and
kinetic chain dysfunctions are more prevalent. The average FMS score of the female
athletes tested was 14.3, significantly lower than that of the professional football players
at 16.9. In fact in Kiesel’s study the players who were injured scored an average of 14.3,
which collectively is above the cutoff advised in the study’s results. It’s clear there is a
difference between the two participant pools but it could be possible for there to be
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different ranges for predicting injury rates between gender and even between the varying
sports. This study has again defined injury rates as requiring medical attention or seeking
medical advice or evaluation from one of the sports medicine team members. These
injury rates have nothing to do with the amount of time missed which Kiesel chose to
implement, so again these rates could be inflated by having higher injuries occurrences
but they may not be as sever. It would be more beneficial if injury occurrence was
defined by some range of time missed proportionate to how many competitions are
played in a season.

Predicting Athletic Performance
With the amount of evidence supporting FMS testing and application to sports
both male and female, a new approach has gained recent attention. The use of FMS
scores to predict athletic performance. Since the screen is a good basis of how an athletes
kinetic chain moves as a whole recent research is looking more so at the physical
measures of athletics such as vertical jump, 40 yard sprint time, max squat, etc. In most
cases the better an athlete can perform in these objective measures the more likely they
are to excel in their given sport. If FMS can have a direct relationship between some of
these measures then its purpose grows enormously in aspects such as differentiating
between talented athletes and their potential.
A recent study using twenty-five Division I collegiate football players looked at
measuring core strength via medicine ball throws in different static and dynamic potions.
The results showed correlations between core stability and athletic performance tasks:
countermovement jump (CMJ), 1 repetition max squat, 1 repetition max bench, 40 yard
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dash, and a pro-agility run (Shinkel, 2012). Both dynamic and static throws laterally had
the highest correlation between the performance measures. Specifically, there was a
positive correlation between performance in the dynamic throw forward and 1RM bench
press and 1RM back squat respectively (0.45,!P<0.05)!(0.41,!P<!0.05). Also the static
medicine ball throws both left and right had the highest relationship between the 40-yard
dash and the pro-agility run (Shinkel, 2012). The study also used the push-press test to
independently measure power and found the 1 RM squat to have the best prediction of
overall power. This study emphasizes the importance of core strength and its effects on
athletic performance.
Of the seven tests that make up the functional movement screen, at least four of
the tests are strongly influenced by the participant’s core stability. The previously
mentioned research was able to show the influence on athletic performance by the core
and revealed some of the direct correlations between higher abdominal strength and
better physical testing results. In theory FMS testing can reveal athletes who have
stronger cores and will help predict who will perform better in physical testing. Since it
was shown how overall power could be predicted by 1 RM squat, the deep squat test
within the functional movement screen can have a much more direct and valuable
relationship in terms of potential power. Better mechanics during the squat test would
make it more efficient for an athlete to displace a given weight especially at higher
demands.
In 2010 Ferreira et al, investigated the relationship between of 52 college students
vertical jump performance and both squat jump and countermovement jump tests while
loaded with lower percentage of their 1 RM squat. Drop vertical jump was the
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investigated variable because it has been shown in research to show the most transfer of
power in a short amount of time. DVJ involves a participant stepping off a box from
40cm in height and landing and jumping back into the air as quickly as possible. They
found that there was a relationship between the both squat jump and countermovement
jumps and drop vertical jump results per each participant. More importantly they also
found that there was a strong correlation (.72) with 1 RM squat and DVJ results (Ferreira,
2010).
Again this study puts in perspective statistically how some of the for mentioned
performance measures are not independent from each other especially ones that require
similar kinetic movement tasks. If a participant can score higher on the FMS tests that are
involved with similar movements then perhaps there relationship can be considered a
direct one. Test such as the deep squat, in line lunge, hurdle step, and active straight leg
lift, all depend on flexibility and strength of the lower extremities. In most cases an
impressive 1 RM squat requires power and flexibility by the participant. FMS test can be
used as a good indication of a participants potential in their 1 RM squat which shown by
Ferreira’s research, correlates directly to vertical jump performance.
In earlier explorations athletic measures were investigated to find its relationship
with functional performance measures like bench press and hang cleans. After analyzing
data from 46 Division I collegiate football players it was shown that bench-press and
hang cleans were good predictors of 40-yd dash times and NFL shuttles times. This study
accredits the relationship to the similar explosive movements during the strength and
performance measures (Davis, 2004). In this case vertical jump had no predictor
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including percent body fat, which is contradictory to the previously mentioned research
of VJ by Ferreira indicating there is a direct negative correlation between the two.
Currently, it seems most of the research done with athletic performance is utilized
by the sport of football since success is more related to physical measures of athleticism.
Parchmann and Mcbride 2011, used a different approach by trying to disprove the
relationship between FMS scores and athletic performance. 25 Division I golfers (15
male, 10 female) were tested in a 10m sprint, a 20m sprint, vertical jump, agility T-test, a
1 RM squat, and in their club head speed. Results showed little to no significant
relationship between performance measures and FMS scores, however there was a strong
correlation between the 1 repetition max squat and each the performance measures
(Parchmann, 2011). Again it was shown there is a direct relationship between 1 RM squat
and its ability to predict athletic performance.
According to this research, it can be said that FMS has little indication of any
participant’s athletic performance capabilities. As earlier stated most of the FMS research
has been done with more explosive sports such as football. In theory FMS should be able
to be applied in each type of athlete but its clear that it can vary from sport to sport.
Parchmann targeted a sport where athletic measures don’t have nearly the importance in
recruiting athletes who excel in competition. Golf has aspects of the game requiring
strength and explosiveness but it lacks the dynamic and reaction aspect during
competition unlike most all other sports. Also the body types of golfers and football
players are entirely different and it’s because of what each sport demands. With this
research it can be said safely that there is no relationship between FMS scores and
athletic performance for male and female golfers but it would be difficult to rule it out in
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other sports focused more on strength and athleticism. The FMS can be a tool that is used
differently depending on the sport.

Anthropometry in Society
In the United States today a lot of attention has been turned to the health and
fitness of our society. With our rising epidemic of obesity rates significantly in the past
twenty years legislation has made it a point to emphasis the importance of being healthy
and active especially in today’s youth (Schoenborn, 2002). In schools around the states,
student’s anthropometric measurements are creating concern for their ability to live long
and health lives. Anthropometric measurements from a health standpoint are comprised
of an individual’s height, mass, body mass, bone density, etc.
The most commonly seen use of anthropometric measuring in our society is the
calculation of an individual’s body mass index (BMI) due to its easy and inexpensive
nature. It is calculated by the formula of an individual’s mass in kilograms divided by
their height in meters squared (Schoenborn, 2002). People who fall in the 18.5 to 24.9
range on the BMI scale are considered normal and healthy persons while anyone who has
a 30 or more point BMI is considered obese by the populations’ averages. Based on these
numbers calculated and reviewed by family physicians and school nurses mixed
messages are being sent to the nation. It has been noted that in most cases BMI is not the
most truthful number and although it gives a general overview of how someone’s weight
management is or should be, it doesn’t take into account some very imperative factors.
For instance, body mass index does not take into consideration a person’s actual
mass distribution better known as their percent body fat versus their percent lean muscle
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mass. Also not taken into calculation is each person’s unique bone density. There is an
obvious issue of mounting obesity rates in the United States but perhaps another method
should be used to describe an adolescent’s health and fitness status. These previously
mentioned factors could drastically change the image of an individual’s weight
distribution and needs to be taken into consideration before sending a misleading
message to our society and its youth.
Recently, anthropometric tools such as the BodPod, DEXA scans, and hydrostatic
weighing have helped shine the light on weight in a more accurate manner. For years
hydrostatic weighing was known as the gold standard for differentiating between
amounts of lean versus fat body tissue but it has since been replaced by more
technologically advanced tools. Although these methods are a lot more accurate, the use
of these tools in a doctor’s office or in a school is highly impractical due to high costs and
training needed to take these measures. BMI will remain the gold standard used in
adolescents in schools and the general public but for collegiate and professional athletes,
resources such as the DEXA and BodPod should be utilized for accurate results and
analyses.

Anthropometry in Sport
The increase in participation of sports and athletics worldwide has created a
different type of phenomena, more so in the United States. Youth sports are developing
into a highly competitive and skill driven experience, whereas before there purpose was
to expose adolescents to exercise, teamwork, and basic morals. Now, sports are creating
adolescents with more fit and muscular bodies than ever before. These muscular children
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grow up and develop into collegiate and even professional athletes and are changing the
body types of athletes significantly overtime. In sports today we see athletes like LeBron
James and Patrick Willis with extremely high levels of muscle mass and their ability to
move faster and more explosively than athletes 20 years ago.
However, if we were to use body mass index brought to light in the 70’s
(Schoenborn, 2002), to develop an understanding of weight for an athlete from current
time, a significant amount of them would be considered overweight or obese. For
instance, in terms of BMI, NFL linebacker Patrick Willis is six feet and one inch in
height but weights two hundred and fifty pounds. Calculated, his BMI would be 31.7 and
falls into the category would be classified as obese. Such an illustration using one our
elite athletes in sports today falling into rankings of obesity shows that another
instrument should be considered the gold standard. One that can accurately depict not
only our society’s health and weight information but also especially those of athletes
whose bodies are far removed from fitting normative data.
In most cases, elite athletes who participate in sports are composed of much more
lean body mass than the average person due to high levels of fitness and muscle mass.
Research shown by Dengel et al in a longitudinal study following one NFL team over
five years revealed results that put things into perspective. When using normalized BMI
charts for comparing the different positions in football, each player or participant was
considered at least part of the overweight category. More so, players from the offensive
and defensive line were classified into the severely obese category according to BMI
statistics. Contradictory to the index, the participants fat mass versus lean mass was
analyzed and all players were considered lean except for the players of the offensive or
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defensive line in which case they categorized as a part of the overweight category
(Robbins, 2011). Dengel’s discovery reiterated with confidence that BMI is not a good
anthropometric statistic to use for football players of all positions. His research found the
use of the dual-energy x-ray absorptiometry (DEXA) was a better source of accurate
descriptions of lean mass versus fat mass in an individual with larger proportions of
muscles (Dengel, 2014).
Further research has been completed to analyze multiple approaches of measuring
body composition and its applicability across sport. Dengel was able to show the
ineffectiveness of using BMI in the NFL but other sport categories such as gravitational,
weight class, and aesthetic sports can have athletes more on the petite scale in
measurements. These sports would benefit significantly from having a practical and
accurate instrument at their disposal to track daily changes in body mass due to constant
fluctuations of weight. Ackland et al performed a review on body composition health and
performance in 2012 and was able to look at BMI, DEXA, BodPod, skin caliper, and
bioelectrical impedance analyses (BIA). Each method was noted as having shortcomings
but the focus was more on the intended use of each instrument. As stated earlier, for
general population use BMI or BIA would make sense due to its accessibility but athletes
who are monitoring effectiveness of dietary or exercise implementation would benefit
from accurate results from daily DEXA or BodPod interpretations (Ackland, 2012).
Anthropometric measures such as these have been collected in some way since the
beginning of the Olympic games however, just recently has the technology been able to
accurately depict a diagram of an individuals complete tissue composition. They will
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continue to be used as a staple comparing athletes who are currently competing to those
who achieved elite status before them.

Relationship between FMS and Anthropometrics
As previously mentioned, a main focus of this study is the ability to predict
athletic performance using physical and collectible data. The FMS test is an instrument
used to find dysfunctions in an individual’s kinetic chain but can it also have a direct
relationship with athletic performance. This research should give insight on the
participant; on the other hand, anthropometric data has been analyzed looking for that
very same relationship. Anatomically, is it proven that taller individuals are able to
perform better on a vertical jump or maybe athletes with shorter arm length can bench
press more weight in relation to their body weight? These are examples of questions
researchers are interested in from a curiosity standpoint but in reality it could be able to
distinguish between athletes with the exact athletic potential a coaching staff desires.
FMS and anthropometrics could have a large impact in the way athletes are recruited and
or in how they train.
Subsequently, functional movement screening has a strong tie to an individuals
flexibility and core strength, it would not be unlikely for their to be some relationship
between and body fat percentage and FMS. From an anatomical standpoint, a participant
can have a soft tissue end feel during a number of the tests, meaning there tissue weather
fat or muscle, inhibits them from moving farther into a range of motion. In most cases
participants with higher abdominal fat mass will have a hard time during multiple test
because they lack the inability to control their core.
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As shown by Ferreira et al, there is a relationship between vertical jump (VJ) and
body weight and percent body fat as well. They note that if a participant wished to
increase their vertical it would be important to decrease body weight, especially their
percentage of body fat (Ferreira, 2010). Further researched looked at 177 collegiate
participants both male and female. They were able to show a significant relationship
between anthropometric measures such as height and body mass and vertical jump
performance. It was discovered from a 52 participant multivariate regression analysis,
body mass was the best predictor of variability in vertical jump performance (Caruso,
2012). If there is truly a relationship between anthropometrics and athletic performance
then FMS testing could also be linked as well. As stated by Smith et al previously, core
strength is a strong predictor of athletic performance and multiple tests on the functional
movement screen heavily involve core initiation and control. There may be an underlying
correlation between both FMS results, anthropometric measures, and overall athletic
performance.

FMS and Body Composition prediction of Athletic Performance
The functional movement screen has been implemented nation wide as an
instrument to address dysfunction in human kinetics. Just recently has it been taken into
the realm of sports and it is currently being utilized from the professional level all the
way down to grade school athletics. Its efficient and low cost application makes it
practical for clinical use on a daily basis and in ideal in any kind of setting. Depending on
the intentions of its use, FMS can have a wide range of experience necessary for its
application. Not only does it have high reliability between different clinical testers but it
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also yields similar results when ran different times by the same clinician. Its simple
twenty one-point scale creates small margin for error between scores of the seven
different tests. For this reason it has seen an increase in implementation as a preparticipation screening across a wide array of sports.
The concepts that make up the FMS relate closely to not only body composition
but also athletic performance as well. The distribution of a person body weight can have
strong implications on their idea of their fitness. More so in sports where change in
weight as small as a pound can have a direct effect on performance. However, it has been
shown that not all circumstances are the same. Depending on the sport or even the body
type, an individuals ranking can change significantly leaving the person with an incorrect
interpretation of their body weight. Improper classification can lead to improper health
care or unnecessary stress upon an individual.
Athletic performance will never be able to pin point a set of measurements in the
weight room that will directly relate to success. Athleticism has a lot to do with the
ability to adapt to your environment and produce a similar performance result. However,
the FMS can help emphasize areas in a persons movement patterns that are not on the
same page. This could have a direct influence on athletic performance as a whole. If an
athlete can correct their score on the FMS it could bring them down to lower risk of
serious injury and help their coordinated efforts in competition.
If FMS can help correlate between all three areas then it can be utilized as another
physical measure of evaluation in fitness or athletic levels. The accessibility of the FMS
instrument creates a useful and efficient way to assess an individuals dysfunctions and
also athletic potential. It can help identify athletes who are elite and those who need to
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work in respective areas of human movement. Its utility would grow from helping those
in athletics to identifying serious kinetic chain dysfunctions in the general population.

!

!
23!

Chapter 2
Journal Manuscript
Introduction
In all sports, coaches are looking for athletes who will have long and prolific
careers. Depending on the sport, the way someone is assessed on their potential will be
specific to their sport. For instance, football players utilize their explosive jumping power
during competition so it would be relevant to test them in vertical jump performance.
Golfers however, do not utilize jumping during competition so testing vertical jump
height would not hold the same level of relevance. Soccer players have to endure longer
periods of running and would benefit from performing better on a timed mile and a half
run. Different sports have different ways to assess athletic potential; the functional
movement screen (FMS)!is a suggested method of assessing human movement patterns
common to all athletes. In theory FMS results can be applied across any sport but it is
still unknown as to what extent it is related to athletic performance.
The FMS specifically is a series of seven tests that look at movement patterns in
an individual. Each movement or pattern of movements receives a rating from 0 to 3!
based upon the quality of the movement. After all portions of the screen are complete the
participant receives a score out of a potential 21 points. The components test within the
FMS gives insight on areas of the kinetic chain that need to be addressed for proper
movement to be restored. The FMS incorporates components of flexibility, mobility, and
stability to assess how a person can control their movement as a whole. Another aspect of
identifying athletic potential is the use of anthropometric measures. Previous literature
has investigated the relationship between participant’s physical characteristics and their
!
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levels of performance. To this point, one of the most revealing anthropometric measures
is that of body composition, however to our knowledge there has been little association
between FMS scores and body composition in previous literature. We hypothesize that
individuals with more lean body mass will have the ability to complete the FMS with a
higher score. We also believe that participants with higher FMS scores would yield
higher athletic performance results. We would like to discover which of these variables
would be better predictors of each other and find out if the total FMS score has more
value than addressing dysfunctional movement patterns.

Methods
Participants and Data Collection Protocol
As a part of the pre-participation exam for the football team, physicals including
BodPod body composition assessment and the Functional Movement Screen were
performed on each player on the active roster at the beginning of the 2013 season. Also
as a part of the strength and conditioning protocols, athletic performance measures were
collected in the summer prior to the season for each player able to participate. The
strength conditioning staff was composed of experienced and trained individuals capable
of administrating the collection of maximum performance results. Ideally, FMS, BodPod,
and performance measures were all performed within two weeks of each other.
Data was collected on a total of (n = 99 years old; age = 19.58 ±1.44 years old)
participants. Participants with missing data from any one test measure were excluded
from the final analysis (n = 80). Existing injuries was the main reason for missing data (n
= 19). At beginning of the study each participant was given an informed consent form
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explaining the procedures of data collection and potential use of this information. Each
athlete had the option to omit their information from the study. An signed informed
consent was received for each participant in the study and is kept on file in the athletic
training laboratory at The Pennsylvania State University. The Institutional Review Board
at The Pennsylvania State University approved the study protocol necessary for
implementation of this research along with all associated consent and data collection
forms (Appendix C).

Anthropometry Collection
As a part of each athlete’s pre-participation exam a team of physicians and nurses
at Penn State Sports Medicine gathered height and weight information. Height was
measured by the use of a wall mounted height rod and weight was collected via a digital
scale. Players are put through a series of clinical tests to ensure they are qualified for
participation in athletics and have no high-risk health concerns. Once cleared they are
able to participate in activities such as those used to collect performance measures.

Body Composition
Air displacement plethysmography (ADP) is a valid and reliable method of
assessing body composition (Ackland, 2012). The BodPod (COSMED, Rome, Italy) is a
commercial unit that uses ADP to assess body composition. ADP uses whole body
densitometry to distinguish the amount of lean and fat mass an individual has.
Specifically, the BodPod is an oval shaped device in which a participant sits and is
enclosed in the testing chamber during which air displacement is calculated in a precise
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manner. It utilizes the relationship between air pressure and volume to run each
individual’s displacement through a serious of calculated and normalized equations
(Appendix D).
As part of the sports medicine protocol, the Penn State football medical staff uses
the BodPod to assess body composition multiple times per year. Trained members of the
athletic training staff or sports nutrition staff collected measurements in the summer from
mid-June to the end of July. This study used the body composition data that was collected
in closest proximity to the when FMS and max performance test were held. .
At the beginning of each test, the chamber is cleared of old air and then a cylinder
with an exact known volume displacement is used to calibrate the instrument. During its
calibration, the participants weight is gathered via a linked digital scale, which is also
calibrated on a weekly basis. Male participants are required to wear tight fitting articles
of clothes such as neoprene compression shorts only and a swim cap to ensure limited air
displacement via hair. After calibration, the participant enters the testing chamber where
they are explained what to expect during the test. Once enclosed in the chamber a series
of two to five tests lasting approximately fifty seconds are performed and in between
each test the chamber is open, cleared, and resealed. Once complete, the participant is
removed from the chamber and the computer linked to the BodPod displays the
anthropometric results.
In order to attain accurate results multiple anthropometric equations are calculated
in reference to lung capacity and bone density. Since it has been documented that
different races have been shown to have varying bone densities and anatomic differences,
formulas have been developed to calculate percent body fat depending on different
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factors. For consistency in this study the Brozek equation was utilized to calculate
percent body (%fat = (457 / Body Density) – 414.2) (Davis, 2007). Due to limited testing
time, lung capacity for each participant was calculated by a normalized formula based on
height and age. Data collected from the BodPod was limited to participants lean muscle
mass, fat mass, and body fat percentage.

Functional Movement Screen Collection
Official FMS testing kits (Functional Movement Systems, Chatham, VA) were
utilized in this study to collect functional movement data. A kit is made up of multiple
plastic components such as a measuring dowel, a measuring board, a piece of rubber
tubing, and two measuring poles that connect to the board depending on the portion of the
exam (Appendix A). It is light in weight and easily transportable. In this study we used
multiple kits for testing since prior literature has shown high reliability between different
testers (Elias, 2013; MI nick, 2010).
The FMS is comprised of a series of seven tests including three clearing exams
looking specifically for pain during shoulder flexion, lower back extension, and lower
back flexion. The FMS test is used to find dysfunctions in an individual’s kinetic
movement as a whole. Each section of the test is scored on a 0 to 3 rating based upon
published criteria of movement quality (Cook 2006). Four sections such as the hurdle
step, in-line lunge, shoulder mobility, and active straight leg raise test assess performance
based upon criteria normalized to body proportion. Tibia length, hand length, and femur
length are used to normalize criteria respectively.
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In general, a score of 3 is given if the participant was able to complete the
movement with little or no compensatory measure related to the specific task illustrated
later in this paper. A score of 2 would be given if a participant were able to complete the
task but with obvious compensation in their movement or the test was altered to alleviate
the difficulty based on FMS protocol. A score of 1 was given to those who could not
complete the task even after the difficulty was lowered. Each participant was given a
maximum of three attempts to achieve the highest score for each portion of the test. A
score of 0 was administered if the participant experienced pain during any of the
functional movements or with the shoulder flexion, lumbar extension, and lumbar flexion
clearing exams administered after completing the shoulder mobility, trunk stability pushup, and rotary stability tests respectively.
Since five sections of the FMS are scored bilaterally the lowest score was taken
between the participants opposing sides. For example if a participant scored a 3 on the
hurdle step on their right leg but a 2 on their left, the lower score of 2 was used in the
final score of 21. If there was doubt in any of the participants’ ability to complete the task
appropriately the lower score was recorded (Cook, 2006).
During the summer of the 2013 preseason, each participant is required to report to
the facility to train for the upcoming season. After researching the validity of inter-rater
and intra-rater reliability it was decided the best approach to test the large number of
participants was by using a multi-station rotation on a single day during pre-season.
Trained members of the athletic training or strength and conditioning staff administered
each station. A total of seven stations were spread out and setup in an indoor artificial turf
training facility. For consistency, each tester read printed instructions on how to perform
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the task to the participant. The participant was allowed to ask questions about the task
performance if they did not understand what to do. The tester provided further feedback
with regard to task specifics. Each station was supplied with the FMS tool necessary to
test the specific movement of interest. An individual scoring sheet shown in (Appendix
C) was given to each participant for data recording purposes. Once a participant finished
a section of the test they were responsible for giving the next tester their individual sheet
for further scoring. Once each participant had completed the FMS their scoring sheets
were collected by the principal investigator.

Deep Squat Test
The first and perhaps most functional portion of the FMS is the ability to perform
a deep squat. Important kinetic chain dysfunctions can be established by simply using the
squat to point out compensation in tight muscles or joints with lacking range of motion
(ROM). In this test the participant is handed the measuring dowel and told to hold it in
both hands overhead, hands approximately shoulder width apart prior to performing the
squat. Once the dowel is over the participant’s head with elbows extended they are asked
to complete a deep squat as best as possible in smooth fashion and to keep both heels
touching or close to the floor as possible. If the participant cannot perform the task then
they are asked to move their heels upon the two-inch high measuring board to gain more
ROM in their ankles and hamstrings. If a participant can complete the deep squat in a
smooth and non-compensating manor with their hips dropping below their knees and
hands remaining above their feet, then a participant receives a score of 3 (Appendix B;
Diagram 1). When a participant can perform the squat during the next phase beginning
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with their heels on the measuring board then a score of 2 is given. A score of 1 is
received if the participant has obvious compensations during squatting and cannot
achieve proper depth of the squat during secondary phase.
The deep squat has been investigated as the test showing the most dysfunctions
clinically. The ability to perform the deep squat requires closed- kinetic chain
dorsiflexion of the ankles, flexion of the knees and hips, extension of the thoracic spine,
and flexion and abduction of the shoulders (Cook, 2006).There are many kinetic chain
patterns addressed during the deep squat and it can indicate lack of flexibility in posterior
muscles as well as a ROM issues at specific joints like the shoulder, ankle, knee, and hip.

Hurdle Step Test
One of the several bilateral screening tests used in the screen is the hurdle step. It
involves multi joint flexibility and emphasizes the coordination of movement while
maintaining balance. The first step of the hurdle step is to measure from the floor up to a
participant’s tibial tuberosity and which is used to set the height of the tubing hurdle. The
individual is then asked to put both feet together just touching the hurdle with their toes.
The participants were instructed to hold a dowel on their shoulders behind their neck with
both hands. The dowel was aligned parallel to the floor before starting the test. The
participant was directed to pick up one leg and cross it over the hurdle and lightly tap
down on the floor with the heel of that same foot. The participant then picks up the same
foot and returns it to its starting position so the opposite leg can then be tested.
A 3 is given for straight alignment of the foot, knee, and hip during the total
movement. When a participant receives a 3 they are able to complete the task without
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deviation in the aforementioned joints and can clear their foot from touching the rubber
hurdle (Appendix B; Diagram 2). Also, testers looked for compensating movements in
hip and lumbar spine and the inability to keep the dowel parallel during the test. A score
of 2 is administered if the participant needs to deviate from smooth movement patterns
such as externally rotating their hip to clear the hurdle to achieve the task. Participants
who can’t complete the task or touched the rubber hurdle while deviating from normal
movement patterns received a one for the portion of the exam. This test scores each limb
individually but the lower score between the two are used in the final calculation of the
score.

In-Line Lunge Test
The lunge tests looks more specifically at a participant’s ability to coordinate
movements while maintaining stability within the core. It also looks at the flexibility of
the hip and ankle while challenging stability at the knee being tested. Tibia length is used
to determine the length of the lunge. The participant stands upon the flat measuring board
placing the toe of one foot behind the zero length mark and the heel of their other foot at
a distance equal to the tibia length in front of the zero mark. Next, the dowel is placed
behind the individual with the hand opposite the front foot grasping the dowel at the
cervical level while the hand is holding it at the lumbar spine. The participant was asked
to maintain contact between the dowel and head, thoracic spine, and sacrum throughout
the lunge. The participant is asked to lunge forward to touch their back knee to the board
while keeping the dowel flat against their back. The test can be repeated up to three times
bilaterally to achieve a score of 3 (Appendix B; Diagram 3).
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Perfect form is considered the ability of the participant to touch down their back
knee to the board right behind opposing heel while keeping their balance and functional
posture. A score of 3 would require keeping the dowel against the back while completing
the lunge with no falters in posture. A score of 2 would be given when participants are
unable to keep the dowel on all portions of their back as well as deviation from sagittal
plane in torso or lower shank. A score of 1 is noted when a participant cannot complete a
full lunge or loses their balance during the test. Implications of a poor score can be from
lack of flexibility in hip, ankle, and rectus femoris, and also lacking strength in the
muscles at the hip specifically weak adductors (Cook, 2006).

Shoulder Mobility Test
The shoulder mobility test involves the flexibility and ROM of the muscles and
joints around the shoulder. It requires the participant to reach approximately maximum
ranges of motion in external and internal rotation while abducting and adducting the
shoulder respectively. Implications of this test can give insight on upper body kinetics of
the shoulder including scapular abnormalities. The mobility test can target muscles of the
anterior or posterior aspect of an individuals shoulder in order to address and restore
regular scapular rhythms.
The first part of the exam is for the participants to have their hand length
measured by the dowel specific to the FMS testing kit. Length is measured from the
bottom of the wrist to the end of the 3rd phalanx. The dowel is marked by half inches
only. Participants are then asked to assume a maximally adducted, extended, and
internally rotated position with one shoulder and a maximally abducted, flexed, and
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externally rotated position with the other (Cook, 2006). During the test participants are
told to maintain thumb inside fist position in each hand while as smoothly as possible
they achieve the maximum positions at each shoulder. Length is measured from the
lowest point at the externally rotated shoulder’s fist against their back to the highest point
at the internally rotated fist (Appendix B; Diagram 5). A Score of 3 was obtained if the
distance between points is less then one measured hand length. Distances larger than one
hand length but less then or equal to one and a half of the participant’s hand length
receive a score of two. A score of 1 was given for any participant who was not in
between one and a half hand lengths. This test can be repeated three times bilaterally to
achieve a score of 3 but the lower of the two scores is used for total score.
The first clearing exam of the FMS test is the shoulder impingement exam. After
finishing the shoulder mobility exam the participants are asked to put the tested hand on
the opposing shoulder and max flex at the shoulder (Appendix B; Diagram 6). This exam
is looking for pain in the shoulder during the flexion and adducted motion. If a participant
experiences pain during either side of the exam a score of zero is given for the shoulder
mobility score only and evaluation pursues.

Active Straight Leg Raise Test
The active straight leg raise test looks specifically at functional flexibility of the
posterior muscles of the lower extremity as well as core stability during movement. It can
be used to find flexibility discrepancies between the unilateral portions of the lower
extremity and identify possible rotational tendencies at the hip. The test requires the
participant to lay supine on a flat surface with the measuring board perpendicular and
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beneath the participant’s knees. The dowel is placed at the midpoint between the
participants mid patella and anterior superior iliac spine (ASIS) perpendicular to the flat
surface. The participant is then instructed to flex the testing leg as high as possible with a
completely dorsiflexed and extended knee, trying to get their malleolus past the dowel
(Appendix B; Diagram 4). Participants are prompted to avoid the opposing limb from
lifting off the measuring board while keeping head in contact with flat surface. This test
is repeated bilaterally up to three times per limb.
A score of 3 was given if the participant lifted his tested leg high enough in hip
flexion to have his malleolus pass the dowel perpendicular to the floor while maintaining
contact with the board and opposing limb. If participants cannot clear their malleolus of
the dowel then the dowel is readjusted and aligned perpendicular to the floor with the
malleolus of the test leg. A score of 2 was given if the new position of the dowel was in
between the mid-thigh and joint line of the opposing knee. A score of 1 was received if
the ankle or dowel is below the knee joint of the opposing knee. Implications of this test
can show serious flexibility issues in the hamstrings as well as ROM dysfunctions at the
opposite hip or lumbar spine.

Trunk Stability Push Up
The second upper body focused test of the FMS is the trunk stability push up.
This test is unique because it has implications for not only upper body strength but core
stabilization and coordination as well. Participants are required to assume a prone
position with hands placed at the top level of their forehead for the initial phase. Hands
are positioned approximately shoulder width apart with feet together (Appendix B;
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Diagram 7). The participant is asked to extend the knees and dorsiflexed prior to
performing a full push up. Participants are prompted to lift the whole body as one unit in
a fluid motion.
Participants who are able to perform the push up as a single unit in the first
position were given a score of 3. If unable to perform the push up in the first position
hands are repositioned at the chin and attempted again. Participants received a score of 2
if able to perform a push up with hands at chin level and those who could not were scored
a 1. Clinicians were instructed to pay specific attention to the chest and stomach moving
away from the floor at the same time. This test is only attempted one time in each
position. The trunk stability push up involves the ability of an individual to transfer core
stabilization forces evenly necessary for most sport related activities. It also is an
indicator of upper body strength respective to moving their body weight in an efficient
manner.
The second clearing exam involves looking for pain reported by the participant
performing active lumbar extension. After performing the trunk push up, participants are
instructed to perform a press up while maintaining contact of the hips to the floor
(Appendix B; Diagram 8). If pain were reported during the press up then the participant
would receive a score of zero for the trunk stability push up test. This would indicate
some type of lumbar dysfunction or prior injury to the lumbar region requiring
evaluation.
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Rotary Stability Test
The most challenging test for participants to perform correctly was the bilateral
rotary and stability test. It focused on coordination of limbs moving symmetrically while
maintaining stabilization at the core, hip, and shoulder. Participants were first instructed
to assume a quadruped position on both hands and knees with their shoulder and hip at 90
degrees of flexion. Participants were then prompted to extend the shoulder out in front of
them enough to clear the floor while extending the unilateral hip in the same fashion.
Ideally the movement should take place symmetrically at the hip and shoulder while
maintaining balance at the opposing limbs in contact with the floor. Then the participant
extended the shoulder to try to touch the elbow to the unilateral knee with their hip
moving from extension into flexion toward the middle torso. This movement pattern is
repeated up to three times bilaterally and the lowest of the two scores is used for the
calculation of the total score. Participants were given a 3 if they were able to complete
the first phase while keeping balance and spine parallel to the floor (Appendix B;
Diagram 9).
If unable to complete the first phase of the rotary stability test, participants were
then prompted to complete a diagonal pattern of right arm to left leg or vice versa. During
this pattern participants extended one shoulder to clear the floor while extending the
contralateral hip then moved into shoulder extension and hip flexion to approximate the
shoulder to the opposite knee at mid torso. Again this pattern was repeated up to three
times. A score of 2 was given to those able to complete the secondary diagonal pattern
phase with their spine parallel to the floor and maintaining a fluid movement pattern. A
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score of a 1 was given if the participant was unable to complete the diagonal pattern with
a parallel spine to the floor. The rotary stability test indicates the ability of the participant
to transfer forces and weight evenly during asymmetrical movement at the trunk.
Inability to do so can show potential for injury during athletic competition since most
sports require quick reaction to the transfer of forces in asymmetrical patterns.
The last clearing test in the FMS focuses on identifying pain during active lumbar
flexion. After the rotary stability test was performed, the participant was prompted to
assume the quadruped position and then move backwards so that the gluteal region was
approximated with the heels of the participant (Appendix B; Diagram 10). The chest
should have then been in contact with thigh and knees. This position places the lumbar
spine into normal ranges of flexion. If the participant reported pain then they received a
zero for the rotary stability test and evaluation is necessary (Cook, 2006).

Total FMS Score
When all seven tests including three clearing exams were complete, the scores
were summed to determine the participants score out of a total of 21 possible points.
Tests that entailed bilateral scoring used the lower score of the two to calculate each total.
For this study the focus was on the individual scores of each participant and not on the
specific dysfunctions that caused them.
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Athletic Performance Measures
As previously stated, as a part of the annual routine of training for the upcoming
season, players on the roster are max tested various times by the strength and
conditioning staff. These max tests include the forty-yard dash, NFL shuttle, vertical
jump, bench press, power clean, barbell squat, and broad jump. All strength max’s were
obtained in the Lasch football building weight training facility while athletic testing was
held in Holuba indoor turf facility. Performance tests were administered by staff in a
specific procedure outlined by the head strength and condition coach. For safety and
accuracy purposes all test were observed by at least one staff member. Data was collected
on two separate days in the middle of June, one day dedicated to all max strength testing
while the other was used to test athletic max performance. Due to injury some
participants were unable to participate in all max tests but data was collected for test they
were able to complete regardless of injury.
In order to limit the risk of injury during testing players were put through a
specific dynamic warm-up at the beginning of each test day. Participants used a foam
roller to loosen muscles followed by using bands to stretch muscles in the lower
extremity. Then the participants were run through a series of ladder, hurdle, and dynamic
flexibility routines used daily in the weight room. After the routine was completed
participants were split into different groups separated by positions and assigned a pair of
staff members, one in charge of recording data and the other in charge of measuring
participants performance. For consistency purposes the pair of staff would remain
working together throughout all testing.
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Max Strength Procedures
Following the athletic performance max tests, the next day participants were
tested in a similar fashion for maximal strength tests in the weight room. Prior to testing
participants they were put through a similar dynamic warm up in order to avoid or injury.
For bench press, barbell squat, and power clean, maximum weights were calculated based
on previous success in the weight room and were administered to each participant.
During the each specific test participants lifted a series of five sets with different
submaximal weights in order to get muscles ready for a maximal effort. The fifth and
sixth sets are recorded for their strength maximums.
The barbell squat is used to measure strength in the lower extremities as a whole
and involves the loading of the spine during a squatting movement. Testing the maximal
barbell squat of a participant began with a series of five submaximal sets. Set 1: 10 reps
with just the bar, set 2: 5 reps at 40% max weight, set 3: 3 reps of 65%, set 4: 1 rep at
85%, set 5: 1 rep at 95%, and finally 1 set at 100% maximum weight. In order for the rep
to count participants needed to get the proper depth of just below 90 degrees of knee
flexion as well as keeping their heels on the ground throughout the maximal effort.
Participants needed to stand up without a spot completing the rep. If able to complete
100% of their calculated max then the participant was allowed to increase the weight to
achieve a higher max. Failure would result in a max of previously achieved max effort.
Bench press is used to evaluate an individual’s strength in their upper body, more
specifically in their pectorals, triceps, and deltoids. In the same fashion participants are
put through the submaximal protocol previously mentioned but for bench press. Before
attempting their max, participants were instructed to put their hands at the mark on the
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barbell (approximately shoulder width apart) and have their shoulder blades and gluts
pressed against the bench while assuming a supine position. A successful rep included
lowering the bar to the chest and back up so that the elbows were in a locked out position.
Spotters were instructed to only help participants if the bar was seen declining during the
test. If the spotter needed to help rack the weight, the participant’s rep was not counted.
Also if participant’s gluts came off the bench creating a bridge like formation in the back
and legs, then the rep again would not be counted. If participants achieved previous max
with ease more weight could be added for the participant to reattempt a new maximum
weight.
Power clean testing involves participants to exhibit a quick explosive movement
while loaded with weight. It is a clear indicator of power potential in the legs and with
some strength indication in posterior shoulders. All participants tested have been
previously instructed on proper form in power cleaning. Participants were required to
begin with a similar submaximal set and rep ratio. However, for power clean testing
submaximal sets one, two, and three, differed in reps at five, three, and two respectively.
Participants started with the bar right in front of their shins with their hands
approximately shoulder width apart. Participants were required to keep their chest up and
back in line with their pull while dragging the bar slowly up their shins, past their knee,
and accelerating pull up to chest level while keeping the bar close to their body. A
complete catch of the bar then standing was needed for a rep to count. If weight was too
heavy participants were instructed to drop the weight in front of them unto the reinforced
rubber platforms in order to avoid injury. If participants achieved previous max with ease
more weight could be added for the participant to reattempt a new maximum weight.
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The strength index was incorporated in the strength category in order identify
participants who perform the best in the three previous mentioned exercises. The strength
and conditioning staff utilize the Schwartz formula, which accounts for each participant’s
own mass. The Schwartz formula uses a coefficient scale for each measurement of mass,
which is then multiplied by the sum of normalized BP, BS, and PC performance
(SI = (BP + BS + PC) x mass Coefficient). This value is known as the strength index (SI)
because it acts as a guide to who is the strongest when accounting for relative mass and
not just who moved the heaviest weight.

Vertical Jump Test
After participants received a sufficient dynamic warm up the first athletic test they
were administered was the vertical jump. This test involves a series of maximum jump
tests on a hard surface trying to reach as high as possible on each attempt. The tool used
most commonly in sports is called the Vertec Jump Training System (JUMPUSA,
Sunnyvale, CA) and is unique because it gives athletes a live mark of how high their
previous jump was. Prior to the actual test participants standing reach is measured for
reference during testing so that the Vertec can be set for each participant. They also had a
chance to have two practice jumps prior to being tested and recorded.
Once ready, participants were instructed to begin directly underneath the Vertec
and slightly to the side of the tested side. With feet evenly together participants are able
to bend at the knees and attempt a maximum vertical jump. The participant slaps the
measuring markers at the peak of their jump displacing them from the even column,
which illustrates the height of their jump in half inches. The column of markers that were
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untouched marks the height needed for the participant to jump higher than the previous
attempt. A participant continues to attempt the vertical jump until he cannot achieve a
higher jump then the previous attempt. Results are recorded by staff and participants
moved to the next test.

Broad Jump Test
The broad jump test is used to measure explosive power from a static position. In
our study the broad jump was conducted on field turf in order to make it more applicable
to football demands during competition. A tape measure was laid out in front and just to
either side of the participant before their attempts. Participants began at a line on the field
with their feet together and toes right behind the line. They were instructed to jump as far
as possible by using only explosive motion at the hips and knees. In order for a
participant to score a result they were required to stick the landing in a single fashion.
Distance was measured by marking the heel of the back landing foot to the beginning
line. If participants were unable to stick the landing they were able to attempt the test up
to three counting scores. The farthest distance recorded is used as their broad jump result.

NFL Shuttle Test
The NFL shuttle test, also known as the 5-10-5 or shuttle run, focuses on testing
participant’s agility and speed. It involves the ability to cut and change direction while
attempting to maintain high speeds. Participants are required to run five yards in one
direction, ten yards in the opposite direction, and five yards in the first direction to sprint
past where they began the test. Participants begin in a three-point stance on the turf field

!

!
43!

with their right hand touching the line bisecting their feet. Once ready, participants began
on their own and sprint five yards to their right and touch the line that is five yards away
with their right hand. Then participants change direction and sprint to the far line that is
ten yards away where they touch down with their left hand. Finally participants finish by
sprinting through the starting line five yards away from the second line. A test is only
counted if the participant touches each line with the proper hand and a participant is
allowed one good attempt. Two digital timers use the average of their times to get a final
result for each participants NFL shuttle. Participants then move onto the 40-yard dash.

40-Yard Dash Test
The 40-yard dash is known as the gold standard to evaluate an individual’s speed.
The distance is long enough to allow participants to gain full speed but short enough so
that they can maintain that speed throughout. Prior to beginning the 40-yard dash
participants are put through another warm up specific to sprinting. They work on their
starting positions and the process of accelerating and decelerating. Once ready, a
participant takes place at a line designated for the start of the dash on the turf field. Two
cones align the running lane at 10, 20, 30, and 40 yard marks so the participant can run in
straight fashion. Participants start running on their own but they must begin in a sudden
matter and may not roll into their starts. Four hand timers are used along with one
electrical timer placed at the finish line. The time noted by the electrical timer is used
with the average of the four digital timers as a backup. Players are allotted one full speed
40-yard dash attempt.
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Statistical Analyses
Prior to the analyses of the data all measurements were converted to metric units.
For the purpose of normalizing strength and performance results, we referred to formulas
stated in previous literature which categorizes performance into three areas; strength,
power, and speed/agility (Jaric, 2005). The normalization formula uses a participant’s
weight and an exponential factor that varies depending on the category of activity being
normalized. The formula is as follows; Normalized performance = (mass lifted) / (body
mass)b with b = 2/3 for all strength exercises in this study. For power and speed/agility
normalization b = 0 was used in calculating results. After complete collection and
organization of the participant data, a computer based statistical program was utilized to
run the analyses of all the data.
Minitab (Minitab Inc., State College, PA) used to conduct statistical analyses.
Multiple linear regression was computed to assess anthropometric and FMS measures as
predictors of strength, speed/agility and power. Variance inflation factors (VIF) indicated
multicollinearity among the predictor variables. In the instance of VIF calculations
greater than 1.0, a best subsets regression method was used to determine the potential
elimination of predictors from the model. Mallow’s Cp was used as the criterion to
determine the most appropriate regression model. Standardized coefficients were also
computed to normalize regression weights among the predictor variables. The adjusted
coefficient of determination (R2-adj) was used to establish the proportion of variance in
the response due to the predictors. Residual plots for each regression analyses were
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interpreted to determine the assumptions for regression were met. P ≤ 0.05 denoted
statistical significance a priori.
Descriptive statistics were identified for all participants and their anthropometric,
FMS, and performance outcomes. In order to analyze FMS scores as a diagnostic test for
predicting injury rates, sensitivity and specificity was calculated via chi-square methods
for the most common FMS values observed in the study (12-18). Each pair of sensitivity
and specificity identified for their respective FMS values were used to create an ROC
curve, which is capable of finding the best separation point for clinical diagnostic tests.
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Results
The data met the assumptions for regression analysis.
Descriptive Statistics
Descriptive statistics for each anthropometric measure and each performance
measure were analyzed for all participants (n=80). Means and standard deviations for
each variable are shown in (Table 9). Results were then categorized per respective
football position for supplemental information (Appendix E-H).
Strength
Height (HT), mass, and percent body fat (%BF) were found to be significant
predictors of normalized bench press performance (Table 1). Mass had the largest
regression weight of all the predictors for BP. Height and %BF had significant negative
regression weights, indicating participants with lower scores on these scales were
expected to have greater bench press performance when controlling for mass. Mass had a
significant positive regression weight indicating that after accounting for HT and %BF,
participants with greater mass were expected to have greater bench press performance.
Height, mass, %BF and FMS score were found to be significant predictors of
normalized barbell squat performance (Table 2). Mass had the largest regression weight
of all the predictors for BS. Height and %BF had significant negative regression weights,
indicating participants with lower scores on these scales were expected to have greater
BS performance when controlling for mass and FMS score. Mass and FMS score had a
significant positive regression weight indicating that after accounting for HT and %BF,
participants with greater mass and FMS scores were expected to have greater barbell
squat performance.
!
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Mass, %BF and FMS score were found to be significant predictors of normalized
power clean performance (Table 3). Percent body fat had the largest regression weight of
all the predictors for PC. Percent body fat had a significant negative regression weight,
indicating participants with lower body fat percentage were expected to have greater PC
performance when controlling for HT, mass, and FMS score. Mass and FMS score had
significant positive regression weights indicating that after accounting for HT and %BF,
participants with greater mass and FMS scores were expected to have greater power clean
performance.
Height, mass, %BF, and FMS score were found to be significant predictors of
normalized strength index (Table 4). Mass had the largest regression weight of all the
predictors for SI. Height and %BF had significant negative regression weights, indicating
participants with lower scores on these scales were expected to have greater SI when
controlling for mass and FMS score. Mass and FMS score had significant positive
regression weights indicating that after accounting for HT and %BF, participants with
greater mass and FMS scores were expected to be higher on the strength index.

Speed/Agility
Percent body fat and FMS score only were found to be significant predictors of
40-yard dash performance (Table 5). For the 40yd, acquiring lower timed trials indicates
better performance. Percent body fat had the largest regression weight of all the
predictors for 40yd. FMS score had a significant negative regression weight, indicating
participants with higher scores in the FMS were associated with faster 40yd times when
controlling for %BF and mass. Percent body fat had a significant positive regression
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weight indicating that when accounting for mass and FMS score, lower %BF was
associated with faster time trials in 40yd dash performance.
Similarly, %BF and FMS scores were found to be significant predictors of NFL
shuttle run performance (Table 6). For the NFL shuttle run, acquiring lower timed trials
indicates better performance. %BF had the largest regression weight of all the predictors
for NFL shuttle. FMS score had a significant negative regression weight, indicating
higher scores in the FMS were associated with faster NFL shuttle times when controlling
for %BF. Percent body fat had a significant positive regression weight indicating that
after accounting for FMS score, participants with lower %BF measures were associated
with faster time trials in the NFL shuttle.

Power
Percent body fat and FMS score were found to be significant predictors of vertical
jump performance (Table 7). Percent body fat had the largest regression weight of all the
predictors for VJ. Percent body fat had a significant negative regression weight,
indicating lower %BF was associated with greater VJ performance when controlling for
FMS score and mass. FMS score had a significant positive regression weight indicating
that after accounting for mass and %BF, greater FMS scores was associated with greater
VJ performance.
Height, %BF, and FMS score were found to be significant predictors of broad
jump performance (Table 8). Percent body fat had the largest regression weight of all the
predictors for BJ. Percent body fat had a significant negative regression weight,
indicating lower %BF was associated with greater BJ performance when controlling for

!

!
49!

FMS score and HT. FMS score and HT had significant positive regression weights
indicating that after accounting for %BF, greater HT and higher FMS scores was
associated with greater broad jump performance.

Injury
In this study receiver operating characteristic (Figure 3) plotting the sensitivity
and specificity of each identifiable FMS score was used to identify a cut-off of FMS
score as a diagnostic tool for injury risk. Our ROC curve was inconclusive and revealed
no ideal separation point for FMS scores in injury prediction. As seen in (Figure 3) the
area under the curve (AUC) is closer to 0.50 indicating that there is no FMS score that
could be used as a demarcation point for injury risk. An ideal curve would have the AUC
as close to one hundred percent as possible. This study was unable to find an associating
between FMS score and injury risk.
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Discussion
The purpose of this study was to assess the contribution of anthropometric
characteristics and functional movement quality to measures of athletic ability. Coaches
and talent scouts are continually looking for better ways to evaluate and train athletes.
Clinicians are looking for ways to assess movement quality in an effort to prevent injury
and improve athletic performance. Athletic ability is routinely assessed at both the
collegiate and professional level in the sport of football. Collegiate and professional
coaching staffs also implement a seasonal strength and conditioning protocol targeting
peak performance in areas of strength, speed/agility, and power.
The identification of modifiable variables that are associated with athletic
performance and/or injury risk is of interest to coaches and clinicians. Addressing deficits
in predictor variables may be an avenue to improve athletic performance and decrease
injury risk. This study sought to reveal the relations between athletic performance,
anthropometric measures and r functional movement pattern quality. To this end, we
assessed to the relation between FMS scores, anthropometric measures and three
characteristics of athletic performance: strength, power and speed/agility.

Strength
Results show that HT, mass, and %BF were significant predictors of normalized
BP. These variables account for 31.2% of the variance in the model for predicting BP.
Negative regression weights for HT and %BF implicate an inverse relation to BP
performance. For the instance of BS, HT, mass, %BF, and FMS score were all significant
predictors. These four variables account for 34.7% of the variance in predicting BS.
!
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Similar to BP, HT and %BF have a negative association to BS performance while mass
and FMS score have positive ones. The shorter the individual the more weight they can
lift during bench press and back squat. This phenomenon can be explained by
proportionality of an individual’s height and arm/leg length. Shorter individuals have
smaller levers and need to overcome less of an external moment in order to produce
movement. Taller individuals have longer lever arms and need to over come a larger
moment in order to move weight when compared to someone with a smaller lever arm
trying to move the same amount of weight (Murray, 2002). Mass and %BF are unique
when predicting strength measures because the variables are paired since they can
directly affect one another. Alone, mass has little to no regression when looking at
normalized BP and BS performance because relative weight is accounted for. However,
together in the model higher levels of performance in BP and BS are seen in individuals
who have larger mass and lower %BF. This opposite trend favors having more mass but
only if the mass is comprised of lean tissue instead of adipose tissue. Thus, individuals
with lower %BF and higher mass are leaner and have more relative muscle mass
available to be activated in order to perform better in BP. Since mass has a positive
relationship with BP and BS, it would be expected that participants with more mass are
accustomed to supporting more weight simply from performing everyday tasks. Also,
males who have more mass usually have more girth in the abdominal and thoracic region,
which could decrease the range of motion needed complete one rep of BP since the bar
would not have to drop down as far. Those who have greater mass may also gain support
from approximating soft tissue in the abdominal region and lower extremities necessary
to complete a full squat. In overweight individuals, this can act as a biomechanical
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advantage for lifting large loads of weight in this specific functional task. FMS score has
a positive relationship with BS, which implies that participants who have proper
functional movement patterns perform better on strength test specific to the lower body.
The FMS is comprised of two upper body focused tests while the majority is lower body
oriented. Indirectly FMS looks at functional movement in the lower body and performing
better on segments such as the deep squat, in-line lunge, and hurdle step implies the
necessary flexibility and stability for maximal performance in BS.
The power clean is recognized as the most distinctive exercise grouped into the
strength category. It utilizes full body kinetics and multiple large muscles groups, both
lower and upper extremity, to lift large loads off the ground in an explosive manner.
Results indicated that mass, %BF, and FMS score were significant predictors of PC
performance. These three variables account for 33.6 % of the variance in predicting PC in
which mass and FMS score had positive regression weights while %BF had a negative
one. In this case individuals with higher mass were able to perform better in PC, which
again could be attributed to the additional strength required to support the greater mass in
everyday life. The dynamic between %BF and mass holds true for PC, meaning
participants with larger mass and less body fat, i.e., larger amounts of lean tissue, perform
better in PC. Interestingly, unlike BP and BS, %BF was the strongest predictor in the
model indicating the importance of lean tissue in performing exercises that use multiple
large muscle groups in an explosive manner. Positive regression weight for FMS scores
could be explained by the unique full body kinetics involved in completing a power
clean. This exercise requires extensive range of motion as well as activation and
stabilization of multiple large muscle groups at the same time in order to move the weight
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in an efficient manner. FMS tests such as the deep squat, rotary and stability, and trunk
push up demand similar coordination of these movement patterns in order to complete the
test correctly. Thus, being able to score higher on the FMS implicates that participants
have the underlying functionality to complete the kinematic movement of a power clean.
Normalized strength index is a measurement used to express relative strength of
individuals based upon their performance in the three previously mentioned exercises
while also taking into account each individual’s mass. Height, mass, %BF, and FMS
score were all significant in predicting 38.3% of SI performance. Similar to BS, HT and
%BF had negative regression weights while mass and FMS score positive ones. These
relations are consistent with the strength category as a whole and mimics the
aforementioned predictors. SI performance is directly affected by performance in the
previous three strength exercises therefore it can be assumed it should follow the trends
of each strength performance measure.
Based upon our findings, better performance in strength tasks are will be found in
shorter individuals who weigh more but have lower relative levels of body fat. Shorter
lever arms in the upper and lower extremity in combination with possessing higher levels
of lean tissue will result in the ability to lift heavier loads (Murray, 2002; Caruso, 2009).
Higher FMS scores are also associated with the potential for greater performance in the
BS and PC but not BP then indicating the limited functional nature of the BP, which
emphasized upper body strength and mobility. Tasks requiring use of the entire linked
body segments system, such as the BS and PC, are more closely functionally related to
the tasks performed in the FMS.
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Speed/Agility
Results revealed that %BF and FMS score were the only two significant variables
accountable for predicting 64.4% and 65.6% of 40-yard dash and NFL performance
respectively. %BF had a positive regression weight while FMS score had a negative one
implicating those who have lower %BF and higher FMS scores have lower times in the
40-yd dash and NFL shuttle. These phenomena can be explained by the capability of
moving less mass in a quicker and easier fashion due to having lower inertial force to
overcome. Usually those with lower %BF have less overall mass and therefore have less
weight acting upon them structurally, making them light on their feet. Also, those with
lower %BF have more lean muscle mass that can be contracted in the act of sprinting
where as higher %BF participants are carrying more non-contractile tissue that could
weigh them down during the timed trials. This finding is in agreement with past research,
which found the differentiating criterion between elite and intermediate athletes was
%BF (Barlow, 2014; Tanda 2013).
In the case of FMS, the trend implies having better overall functional movement
patterns and functional stability contributes to better speed/agility of performance. In
theory this would make sense because these functional movement patterns are utilized in
both 40-yd dash and NFL shuttle tests. Having proper range of motion at the ankle, knee,
and hip is important for sprinting in an efficient manner. Limitations in range of motion
could alter an individual’s mechanical advantage during an all out sprint and hinder
performance. Stability is important when changing direction quickly, which is a crucial
portion in NFL shuttle performance. Limitations in core stability or range of motion at
the hip or knee can play a role on how quickly an individual can cut, touch the line on the
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ground, and explode into a sprint. Possessing the proper stability, range of motion, and
mobility will put participants in a better position to perform at a higher level.

Power
For VJ, %BF and FMS scores predicted 46.5% of the variability of performance.
Percent body fat had a negative regression weight while FMS score was positively
associated with better performance in the VJ. Individuals with lower %BF and a higher
FMS score should be able to jump higher in a VJ. This can be attributed to a multiple of
factors especially in respect to %BF. Those with lower %BF have more lean body mass
meaning that in the act of jumping, they would have less fat mass weighing them down in
order to move their body vertically. Individuals who are heavier have more resistance
vertically especially if they have higher levels of %BF. Participants with lower %BF
would also have more lean body mass capable of being activated in order to produce the
explosive movement of jumping.
The positive association of FMS and VJ can be explained by the similarity of the
squat portion of the FMS test and the VJ. The vertical jump utilizes the squatting motion
in order to generate momentum vertically as seen in the deep squat portion of FMS
testing. Those who can perform the deep squat motion are capable of facilitating the
momentum and range of motion necessary for performing a vertical jump test
Broad jump is another explosive performance test but it differs from VJ because
stability during the landing phase is a large part of optimal performance. Height, % BF,
and FMS score significantly explained 62.3% of the variation in broad jump performance
with %BF being the strongest predictor. Height and FMS score had positive regression
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weights while %BF had a negative one, suggesting that better performance in the BJ is
achieved when participants have greater HT, less %BF, and higher FMS scores. The
better BJ performance by taller individuals may be due to their greater ability to displace
their center of mass. Individuals who are taller are capable of displacing their center of
mass easier, which can help with the distance achieved on a BJ (Samaras, 2007). Taller
individuals start with their center of mass farther from the ground than smaller
individuals giving them an advantage for jumping for distance because they are both
capable of landing in a similar position. Smaller individuals have equally shorter body
segments and have a harder time displacing their center of mass in favor for the task at
hand. Tall participants have the appropriate length in there extremities to utilize their
center of mass more to benefit them in the BJ while in flight (Samaras, 2007). Also, this
advantage can help them when landing on two feet as taller individuals have longer arms
which can act as a better balancing counter measure to regain stability. Taller individuals
also have longer arms, which can also be used to generate larger forward momentum with
their arm swing to gain greater horizontal propulsion.
Participants with less %BF again have more lean body mass that is capable of
being activated for the explosive manner of the BJ test. Individuals with lower %BF
would again have less fat mass acting upon them and have less inertial resistance
vertically and horizontally. Overall, they would not be as weighed down as those who
have higher %BF. FMS scores positively associated with BJ can be attributed to the
stability and flexibility necessary for both tests. FMS is capable of identifying those
lacking static and dynamic stability, which is especially useful when trying to land at the
end of a BJ. If a participant staggers and takes a step after landing then the trial is null so
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it is important to have that stability and range of motion in order to land in a deep squat
position. During take off and landing of a BJ participants are forced to alter their body
shape over large ranges of motion particularly in the lumbar spine and lower extremity.
The ability to perform this change in motion requires high levels of flexibility in the hip,
knee, and ankle. If participants score poorly on the FMS then they may not possess the
necessary range of motion and flexibility in order to perform better in the BJ.
After investigating of each performance predictor it is clear that the most
influential anthropometric measure is that of %BF followed by FMS score. Present in
each model except for FMS with BP, these two variables are significantly related to
athletic performance in categories of strength, speed/agility, and power. This finding is
important because it expands the Functional Movements Screen. The current findings
suggest that finding and correcting movement system impairments discovered with the
FMS may enhance performance in athletic activities.. Percent body fat has long since
been a focal point of strength and conditioning protocols. The current findings provide
support for the emphasis with players with less %BF performing better in all athletic
measures. This study reiterates the importance of maintaining a reasonable body fat
percentage for athletes if they want to perform at the highest levels. Further research
needs to be done in order to be able to confidently apply these findings across genders
and different sports.
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Diagnostic Influence of FMS and Injury Prevalence
The functional movement screen has emerged as a clinical tool in athletics used to
identify imbalances in an individual’s dynamic and static movement patterns. Literature
has shown that not only can it be used to identify areas of dysfunctional movement but it
can also be used as a diagnostic tool for probability of injury occurrence in football
players over an athletic season (Kiesel, 2007). In a similar study they were able to predict
injury rates in military training participants using FMS scores and slower times received
to complete a three-mile run (Lisman, 2013). However, alone FMS was an insignificant
predictor of injury.
This study again looked at the ability of FMS to predict injury rates over a
complete season of Division I football players. After, an ROC curve was unable to
illustrate a significant cut off point for FMS and injury, we referred back to (Kiesel,
2007) for differentiating between below average FMS scores and above average ones.
Injury occurrence was established as missing at least six practices or two games during
the season. After running diagnostic statistics on scores of 14 and 15 for the cutoff of
injury rates in our study, no significant trends were shown. In the current study, FMS was
not able to predict injury rates over the course of one season. This can be attributed to a
multiple of reasons including, in previous research their participants were at least two to
five years older in average age. This can affect flexibility and range of motion that is
important when scoring participants during the FMS. Participants may be able to
compensate and score higher on the FMS when younger in age due to having more
flexibility as opposed to those who are older and are stiffer although this study had
similar FMS scores to that of previous literature (Kiesel, 2007). Another contributing
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factor is that in this study the injury criteria are different from that in previous literature.
This study used injury criteria of missing two games or six practices as opposed to prior
literature (Kiesel, 2007), which utilized NFL players, placed on the injured reserved list
for at least three weeks. This could affect how many true injuries are accounted for
during the study that gets diagnosed via a low FMS score. Results could be different for
the same study depending on the criteria of what is classified as an injury so it is hard to
compare the results. Also, participants with predisposed injuries such as an ankle injury
could have lacking range of motion at the joint itself, which could limit how deep the
participant would be able to squat. This would put them into a position to receive a lower
FMS score but maybe not for the right reason. Future research using the same criteria for
injury rates needs to be facilitated in order to establish FMS as an accurate diagnostic
clinical tool.
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Figures and Tables
Table 1. Anthropometrics predicting normalized bench press
Regression equation
BPNorm = 16.0 – 6.58 Height + 0.0331 Mass – 0.0869 %BF
[Mallow’s Cp = 3.2; R2(adj) = 31.2% ; P < 0.001]
Predictor
Mean
SD
Standardized coefficient
Height (m): 1.853
0.061
-0.563
Mass (kg):
102.55
18.93
0.877
%BF (%):
14.719
6.653
-0.807
* denotes statistical significance (P < 0.05)
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P-value
< 0.001*
< 0.001*
< 0.001*

Table 2. Anthropometrics and FMS predicting normalized barbell squat
Regression equation
BSNorm = 16.9 – 8.55 Height + 0.0476 Mass – 0.111 %BF + 0.179 FMS
[Mallow’s Cp = 5.0; R2(adj) = 34.7%; P < 0.001]
Predictor
Mean
SD
Standardized coefficient
P-value
Height (m): 1.853
0.061
-0.486
< 0.001*
Mass (kg):
102.55
18.93
0.842
< 0.001*
%BF (%):
14.719
6.653
-0.696
< 0.001*
FMS (score) 15.350
1.883
0.320
0.001*
* denotes statistical significance (P < 0.05)
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Table 3. Anthropometrics and FMS predicting normalized power clean
Regression equation
PCNorm = 5.64 – 2.17 Height + 0.0207 Mass – 0.0764 %BF + 0.150 FMS
[Mallow’s Cp = 5.0; R2(adj) = 33.6%; P < 0.001]
Predictor
Mean
SD
Standardized coefficient
P-value
Height (m): 1.853
0.061
-0.172
0.166
Mass (kg):
102.55
18.93
0.510
0.008*
%BF (%):
14.719
6.653
-0.660
< 0.001*
FMS (score) 15.350
1.883
0.369
< 0.001*
* denotes statistical significance (P < 0.05)
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Table 4. Anthropometrics and FMS predicting normalized strength index
Regression equation
SINorm = 38.1 - 17.3 Height + 0.102 Mass - 0.274 %BF + 0.358 FMS
[Mallow’s Cp = 5.0; R2(adj) = 38.3%; P < 0.001]
Predictor
Mean
SD
Standardized coefficient
P-value
Height (m): 1.853
0.061
-0.458
< 0.001*
Mass (kg):
102.55
18.93
0.835
< 0.001*
%BF (%):
14.719
6.653
-0.780
< 0.001*
FMS (score) 15.350
1.883
0.297
0.002*
* denotes statistical significance (P < 0.05)
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Table 5. Anthropometrics and FMS predicting 40-yard dash
Regression equation
40 yd. dash (s) = 4.72 + 0.00333 Mass + 0.0253 %BF - 0.0317 FMS
[Mallow’s Cp = 4.6; R2(adj) = 64.4%; P < 0.001]
Predictor
Mean
SD
Standardized coefficient
Mass (kg):
102.55
18.93
0.208
%BF (%):
14.719
6.653
0.555
FMS (score) 15.350
1.883
-0.196
* denotes statistical significance (P < 0.05)
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P-value
0.062
< 0.001*
0.007*

Table 6. Anthropometrics and FMS predicting NFL shuttle
Regression equation
NFL Shuttle (s) = 4.97 + 0.0259 %BF - 0.0532 FMS
[Mallow’s Cp = 4.2; R2(adj) = 65.6%; P < 0.001]
Predictor
Mean
SD
Standardized coefficient
%BF (%):
14.719
6.653
0.628
FMS (score) 15.350
1.883
-0.365
* denotes statistical significance (P < 0.05)
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P-value
< 0.001*
< 0.001*

Table 7. Anthropometrics and FMS predicting vertical jump
Regression equation
VJ (m) = 0.599 - 0.000226 Mass - 0.00876 %BF + 0.0163 FMS
[Mallow’s Cp = 3.6; R2(adj) = 46.5%; P < 0.001]
Predictor
Mean
SD
Standardized coefficient
Mass (kg):
102.55
18.93
-0.039
%BF (%):
14.719
6.653
-0.527
FMS (score) 15.350
1.883
0.279
* denotes statistical significance (P < 0.05)
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P-value
0.774
< 0.001*
0.002*

Table 8. Anthropometrics and FMS predicting broad jump
Regression equation
BJ (m) = 0.380 + 1.19 Height - 0.0271 %BF + 0.0375 FMS
[Mallow’s Cp = 3.0; R2(adj) = 62.3%; P < 0.001]
Predictor
Mean
SD
Standardized coefficient
Height (m): 1.853
0.061
0.293
%BF (%):
14.719
6.653
-0.731
FMS (score) 15.350
1.883
0.283
* denotes statistical significance (P < 0.05)
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P-value
< 0.001*
< 0.001*
< 0.001*

Table 9. Statistics of all anthropometric and performance measures (n=80)

Variable
Height (m)
Mass (kg)
Body Fat (%)
FMS Score
BP Norm
BS Norm
PC Norm
SI Norm
40 yd (s)
NFL (s)
Vert. Jump (m)
BJ (m)

!

Mean
1.85
102.55
14.72
15.4
5.88
7.08
4.92
17.88
4.95
4.54
0.70
2.76

StDev
0.061
18.930
6.653
1.883
0.711
1.065
0.768
2.293
0.304
0.275
0.110
0.248
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Minimum
1.73
64.50
3.30
10.0
4.00
4.62
2.86
11.54
4.47
4.07
0.51
2.13

Maximum
1.98
144.28
30.30
20.0
7.47
9.21
6.82
23.51
5.78
5.39
0.97
3.35

Table 10. FMS diagnostic statistics for seasonal injury occurrence

FMS score ≤ 14

FMS score ≤ 15

Sensitivity

0.24

0.41

Specificity

0.81

0.70

LR (+)

1.24

1.38

LR (-)

0.94

0.84

P-Value (+)

0.21

0.41

P-Value (-)

0.81

0.86

LR!=!Likelihood!Ratio!!
!

!

70!

Figure 1. BodPod Interpretations of Different Ranges of Percent Body Fat !
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!

Figure 2. Body Composition Analyses Comparison!

72!

!

Figure 3. Receiver Operating Characteristic For Injury Rates and FMS!
Scores!
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Chapter 3
Conclusion
Previous researchers have looked at FMS scores and injury rates but to our knowledge
this is one of the few studies to look at the relationship between FMS and athletic
performance. Although the current findings do no support a relation between FMS score
and injury risk they do support a relation between anthropometric measures and FMS
with regard to predicting athletic performance. This study found that the FMS score and
body fat percentage are significant predictors of athletic performance in categories of
strength, speed/agility, and power. These are modifiable factors that can be altered
through rehabilitation, training and nutritional programs. In order to increase athletic
prowess, clinicians can address dysfunctions found during a FMS test and also help an
athlete increase their lean muscle mass in hopes of increased performance. Further
research is needed to substantiate this possibility. Intervention studies are a likely next
step.

Limitations
When beginning the analyses of this study there were many variables available for
investigation. For the purpose of this paper it was chosen to look specifically at
anthropometrics and FMS scores in predicting athletic performance and injury rates in
football players. One of the larger limitations of this study is the participant pool in which
we sampled. Since football is a male sport at the collegiate level we could only
investigate male participants making it difficult to be able to apply these exact findings
across the genders. Furthermore, all of the participants tested were football players at the
!

74!

Division I level and there is no representation of other sports in the testing’s of our study.
Football is unique because it consists of a high proportion of contact on every play so
injury rates could be inflated when compared to other sports. If a participant experienced
an injury it was taken into account whether it was due to direct contact or non-contact.
Another limitation of this study is the average age of participants. Participants of
this study are younger by at least two years of age when compared to the previous
literature (Kiesel, 2007; Lisman, 2013). This could affect not only the results of strength
performance due to differences in experience in weight training but also the scores FMS
due to flexibility differences between musculature stiffness of older and younger
individuals. This study also looked at FMS and predicting new injury during athletic
participation but it did not take into account previous existing injuries that could have
played a role in FMS scores. Instances of chronic injury could have limited the strength
or range of motion in participants. Clinicians with more experience and further training in
FMS testing would be able to pick up on the origin of dysfunctional movement patterns.
For this study it would only be noted that he scored lower in the FMS but it wouldn’t
specified that it was because he is three months recovered from a bad ankle sprain.
Previous injury history could have also played a role in athletic performance.
Ideally this study looks at athletic performance in participants who have all made the
same progress in a weight training program but we did not distinguish between those with
prior injury and different weight lifting skill levels. A participant who injured his back
two months prior and has missed one month of squatting will be significantly behind a
participant who has been healthy and squatting for the full two months. The injured
player might be stronger overall but at the time he is weaker from not being able to

!
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perform lifts specific to squatting. In this study it was assumed all athletes are at the same
level of training, which is rare in most instances especially for participants new to the
program like freshman.
Additionally, the way FMS scores were collected was in a rotational station basis,
unlike any of the previous studies on FMS. It could be said that the FMS data collection
is not as accurate as it could be but various literature has shown individuals who were
both trained and non-trained are capable of producing similar FMS scores regardless of
their training levels. This is a limitation of this paper simply because of the unique
process of collecting FMS scores but not because the scores are inaccurate or far off from
that of other studies.

Future Research
This study was designed and implemented over a course of one full athletic
season. Future research should involve a prolonged study that can differentiate between
contact injuries and non-contact injuries. This will eliminate the possibility of players
being injured from contact injuries that FMS would not be able to identify. Research
should be done across varying sports. It may be better to recruit a participant pool that
looks at both genders and a large majority of the different kinds of sports. For instance, it
would be more beneficial to recruit participants from contact sports, non-contact sports,
upper body focused sports, and lower body focused sports.
In order to apply FMS scores to athletic performance, sport specific exercises may
give more insight upon the ability to predict optimal athletes. In this study we focused on
the key athletic tests that are used to identify elite athletes in football based on the NFL’s
!
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annual scouting combine. For other sports which require endurance and not strength, it
would be more useful to investigate athletic tests specific to the demands of that sport,
e.g., a 1.5 mile run. The FMS is an interesting clinical tool that should continue to be
researched to discover its complete potential.
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Appendix A: Functional Movement Screen Testing Kit
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Appendix B: FMS Diagrams of Individual Tests

Diagram 1. Deep Squat Test
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Diagram 2. Hurdle Step Test
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Diagram 3. In-Line Lunge Test

!
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Diagram 4. Straight Leg Raise Test
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Diagram 5. Shoulder Mobility Test

Diagram 6. Shoulder Clearing Exam
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Diagram 7. Trunk Stability Push Up Test

Diagram 8. Lumbar Extension Clearing Exam
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Diagram 9. Rotary Stability Test

Diagram 10. Lumbar Flexion Clearing Exam
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Appendix C: FMS Score Sheet Used For Data Collection
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Appendix D: BodPod Measuring System
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Appendix E. Anthropometric Measures And FMS Score Categorized By Position
!

!

Variable
Height (m)

Pos. Count
DB
16
DL
12
K/SN
4
LB
12
OL
12
QB
3
RB
7
TE
6
WR
8

Mean
1.81
1.92
1.82
1.84
1.90
1.89
1.78
1.90
1.84

StDev
0.039
0.031
0.032
0.027
0.043
0.039
0.040
0.073
0.049

Minimum
1.75
1.88
1.78
1.78
1.80
1.85
1.73
1.78
1.75

Maximum
1.88
1.98
1.85
1.89
1.96
1.93
1.83
1.98
1.88

Mass (Kg)

DB
DL
K/SN
LB
OL
QB
RB
TE
WR

16
12
4
12
12
3
7
6
8

86.39
121.76
86.24
100.48
130.98
96.41
89.58
109.22
83.34

6.430
11.930
4.680
5.980
7.340
4.920
5.160
5.920
10.350

74.78
109.32
81.23
92.55
115.50
93.55
80.27
102.67
64.50

96.41
144.28
92.38
108.22
140.91
102.08
95.25
117.71
95.68

% Body Fat

DB
DL
K/SN
LB
OL
QB
RB
TE
WR

16
12
4
12
12
3
7
6
8

9.94
18.87
15.63
15.39
24.38
15.00
9.87
14.27
6.58

2.272
5.320
6.970
3.222
4.820
3.870
3.360
3.410
2.325

5.40
8.10
10.00
9.40
12.80
11.40
5.80
9.70
3.30

13.10
26.60
24.80
19.80
30.30
19.10
14.20
18.50
10.80

FMS Score

DB
DL
K/SN
LB
OL
QB
RB
TE
WR

16
12
4
12
12
3
7
6
8

15.94
15.00
15.50
15.33
14.08
14.00
16.00
16.67
15.50

1.731
1.537
1.291
1.723
2.021
3.460
2.449
1.366
1.309

13.0
12.0
14.0
13.0
11.0
10.0
14.0
15.0
13.0

20.0
17.0
17.0
19.0
18.0
16.0
20.0
19.0
17.0
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Appendix F. Performance Measures Of Strength Categorized By Position

!

Measure
BP Norm.

Pos.
DB
DL
K/SN
LB
OL
QB
RB
TE
WR

Count
16
12
4
12
12
3
7
6
8

Mean
6.31
6.08
4.99
5.94
5.38
4.98
6.33
6.12
5.64

StDev
0.579
0.513
0.694
0.635
0.714
0.357
0.464
0.817
0.428

Minimum
5.51
5.29
4.00
4.74
4.44
4.61
5.96
5.09
5.16

Maximum
7.48
7.03
5.48
7.04
7.01
5.32
7.27
7.45
6.35

BS Norm.

DB
DL
K/SN
LB
OL
QB
RB
TE
WR

16
12
4
12
12
3
7
6
8

7.67
7.12
5.72
7.03
6.35
6.26
7.72
7.41
7.14

0.898
0.700
1.048
1.120
1.176
0.990
0.697
0.515
1.118

5.74
5.65
4.68
5.60
4.62
5.54
6.62
7.01
5.84

9.21
7.97
7.12
8.90
8.53
7.39
8.55
8.27
8.59

PC Norm.

DB
DL
K/SN
LB
OL
QB
RB
TE
WR

16
12
4
12
12
3
7
6
8

5.26
4.96
4.22
4.81
4.25
4.44
5.37
5.37
5.16

0.730
0.504
1.189
0.636
0.775
0.788
0.787
0.260
0.535

3.49
4.23
2.86
3.93
3.16
3.80
4.09
5.09
4.33

6.83
5.90
5.37
6.14
5.32
5.32
6.12
5.70
5.89

SI Norm.

DB
DL
K/SN
LB
OL
QB
RB
TE
WR

16
12
4
12
12
3
7
6
8

19.24
18.15
14.93
17.79
15.98
15.67
19.42
18.90
17.95

2.000
1.417
2.640
2.079
2.552
1.760
1.185
1.356
1.800

14.74
15.17
11.54
14.85
12.22
14.65
17.45
17.33
15.70

23.51
19.80
17.64
21.19
20.86
17.70
20.50
21.33
19.98
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Appendix G. Performance Measures Of Speed/Agility Categorized By Position

!

Measure
40 yd (s)

Pos.
DB
DL
K/SN
LB
OL
QB
RB
TE
WR

Count
16
12
4
12
12
3
7
6
8

Mean
4.70
5.06
5.17
4.89
5.43
4.98
4.74
4.98
4.69

StDev
0.094
0.213
0.331
0.147
0.265
0.102
0.087
0.174
0.125

Minimum
4.52
4.81
4.83
4.72
5.02
4.86
4.59
4.77
4.47

Maximum
4.86
5.39
5.54
5.26
5.78
5.05
4.85
5.23
4.85

NFL (s)

DB
DL
K/SN
LB
OL
QB
RB
TE
WR

16
12
4
12
12
3
7
6
8

4.32
4.63
4.61
4.54
4.97
4.49
4.35
4.51
4.35

0.148
0.107
0.389
0.147
0.259
0.333
0.153
0.080
0.092

4.10
4.51
4.17
4.34
4.53
4.21
4.07
4.40
4.22

4.56
4.85
4.99
4.76
5.39
4.86
4.56
4.63
4.49
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Appendix H. Performance Measures Of Power Categorized By Position

!

Measure
VJ (m)

Pos.
DB
DL
K/SN
LB
OL
QB
RB
TE
WR

Count
16
12
4
12
12
3
7
6
8

Mean
0.77
0.64
0.63
0.68
0.59
0.69
0.76
0.70
0.82

StDev
0.087
0.082
0.085
0.079
0.099
0.104
0.064
0.073
0.085

Minimum
0.67
0.52
0.56
0.56
0.51
0.57
0.70
0.58
0.70

Maximum
0.94
0.77
0.75
0.84
0.80
0.77
0.86
0.76
0.97

BJ (m)

DB
DL
K/SN
LB
OL
QB
RB
TE
WR

16
12
4
12
12
3
7
6
8

2.93
2.74
2.62
2.67
2.46
2.74
2.80
2.85
2.98

0.170
0.175
0.267
0.208
0.221
0.191
0.144
0.218
0.174

2.74
2.49
2.31
2.36
2.13
2.52
2.51
2.59
2.82

3.28
3.05
2.95
3.05
2.79
2.85
2.97
3.12
3.35
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