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ABSTRACT
This study aimed to 1) assess the reliability of the FMS protocol and 2) to establish changes in both FMS and tests of physical performance throughout a season. The reliability of the FMS components (12 in total) was assessed via a non-parametric statistical approach, based on two trials, separated by one week. Score on the FMS, strength (3 RM full-squat, 1 RM bench press), running speed (10 & 40 m) and jump height of 12 elite male under-19 rugby league players was monitored at pre-, mid- and late-season periods. There was no bias (P > 0.05) found between trials for the FMS, with the majority of components reaching 100% ‘perfect agreement’, reflecting the good reliability of the FMS tool. There were no effects (P > 0.05) of season stage on any of the FMS components; however, an improvement (P < 0.05) between the pre- and both mid- and late-season periods was apparent in every component of fitness, such as 1 RM bench-press (112.92 ± 24.54 kg; 125.83 ± 21.41 kg; 125.98 ± 24.48 kg) and 40 m sprint time (5.69 ± 0.35 s; 5.62 ± 0.31 s; 5.64 ± 0.27 s). Our findings demonstrate that the FMS can be reliably administered to elite rugby league players but will not change in accordance with physical performance across a competitive season. Our findings should not necessarily deter practitioners from using the FMS but begin to question the specific qualities that are being assessed through its administration.  
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INTRODUCTION
PARAGRAPH 1 Functional Movement Screening (FMS) is advocated as a practical and objective tool to assess the ‘fundamental movement characteristics’ of athletes (3). The entire screening process is categorized into seven different movements, designed to reflect the basic positions and movement patterns required for whole-body function (3). In the FMS protocol, fundamental movements are characterized by the simultaneous requirement of motion, stability and balance, which are thought to be underpinned by muscle strength, flexibility, range of motion, coordination and proprioception (8). The quality of the participants’ movement is subjectively assessed by an observer according to specific criteria and is proposed to detect the functional limitations and asymmetries of the participant (3). The scores are placed on an ordinal scale of measurement, ranging from 0-3. A score of 0 indicates pain on movement, a score of 1 indicates an incomplete movement, a score of 2 indicating a compensated movement and a score of 3 meaning that the movement was fully completed (3). Individual scores are summated to determine an accumulated FMS score. 

PARAGRAPH 2 Since FMS relies upon the judgment of the observer, it might be anticipated that factors such as experience and qualification will influence the interpretation of the movement pattern (17).  However, Minick and colleagues (11) reported weighted Kappa coefficients equating to either ‘substantial’ or ‘excellent’ agreement between novice (recently trained with FMS) and experienced observers (instructors of FMS). There was, however, an increase reported in the frequency of ‘moderate’ agreements between the two novice observers, which was attributed to their lack of training with the FMS descriptors for each movement pattern. On the basis of these data, novice users can reliably use FMS to assess their athletes. Indeed, using the Kappa statistic, other studies have reported ‘moderate’ to ‘high’ agreement between FMS testing sessions among observers of a non-specified experience (14,16). However, the Kappa statistic is a dimensionless value that prevents an interpretation of reliability within the context of its eventual use. The level of test re-test reliability that is acceptable should be considered a-priori, according to the magnitude of systematic change that might occur in an individual’s FMS score over time. Kiesel et al. (9) reported common mean changes in accumulated FMS score (owing to a training intervention) of less than one, which is, in fact, an unattainable score on the ordinal scale. The ordinal scoring system (0-3) should also preclude the use of other statistical processes, such as standard error of measurement (SEM), which has been applied in previous FMS reliability analyses (14). Finally, previous studies have failed to assess the reliability of the FMS within each of the individual movement categories, which is important if erroneous interpretation of the accumulated FMS score is to be avoided. A method posited by Cooper et al. (4) provides an alternative approach for the assessment of FMS intra-observer reliability. This method adopts the use of a ‘practically important reference value’ and identifies both the systematic and random error of a measurement. In the case of FMS, such an approach establishes the minimum change in an FMS score to be considered meaningful and, in turn, what level of reliability is ‘acceptable’.

PARAGRAPH 3 A recent study identified American Football players with an accumulated FMS score of less than 14 out of 21 as ‘injury-risks’ (8). That is, an accumulated FMS score of <14 has been used to predict athletes losing 3 weeks or more of training time with specificity of 0.91 and sensitivity of 0.54 (8). The administration of an off-season conditioning intervention among American Football players increased the number of players with accumulated FMS scores above 14 compared to baseline values (9). Whilst FMS scores appear sensitive to training intervention, only poor-to-moderate relationships between accumulated FMS score and tests of physical fitness have been found among elite golfers (15) or untrained individuals (13), thus questioning the generalizability of the accumulated FMS score as a correlate of athletic ability. It is currently unknown whether FMS scores are ‘sensitive’ to changes in various components of physical fitness that typically occur across in-season periods, particularly when there is no specific aim to improve the performance of players on the components of the FMS. During such periods, one might expect changes in the physical fitness of athletes, in response to modified training and match loads (6). However, it is not currently known whether changes in whole-body function (as determined by the FMS) will occur without deliberately following a program designed to improve such movement patterns and, indeed, whether changes in physical fitness rely on an improvement in FMS score. This is important since practitioners should be aware of the different qualities that underpin general physical fitness or specific whole-body function, as determined by the FMS.     

PARAGRAPH 4 Given the statistical methods used to assess the test re-test reliability of FMS to date are inappropriate, the first aim of the current study was to assess the real-time test re-test reliability of the FMS, adopting a non-parametric statistical approach (4). Secondly, since training interventions have improved accumulated FMS score in other contact sports (8,9), a second aim was to assess the changes in FMS score and concurrent tests of physical fitness at three stages of a competitive season in elite rugby league players. 

METHODS
Experimental Approach to the Problem 
PARAGRAPH 5 A descriptive study was undertaken to determine whether changes in the players’ whole-body function (as described by the FMS tool) changed in accordance with anticipated changes in physical fitness (speed, strength and jump height) over three stages of a competitive season (pre-, mid- & late-season). Specifically, these were; six weeks prior to the first competitive match of the season (January), the middle week of the season (April) and 4 weeks prior to the end of the season (August). At each stage, elite rugby league players were tested for speed, counter-movement jump (CMJ) height, 3 repetition maximum (3RM) full-squat, 1RM bench press and underwent functional movement screening. Whilst the training program (below) followed by the players was aimed at increasing strength, speed and power, there was no attempt to change their performance on the FMS. Intra-observer reliability of the FMS was assessed during the first period of data collection, comprising two screens, separated by one week. The observer was deemed to be of an intermediate standard, with one year of experience using the FMS and the associated descriptors. 

Subjects
PARAGRAPH 6 Thirteen elite male under-19 rugby league players contracted to a professional club in England volunteered to participate in the study (age: 18.2 ± 0.5 years; body mass: 92.5 ± 12.5 kg; stature: 182.2 ± 6.0 cm). The players had an average playing experience of 8 ± 1 years and had been contracted to the professional club for the previous 5 years. The players followed a supervised training program, attending three sessions per week, comprising field-based aerobic training, gym-based resistance training, and small-sided rugby games, and played competitively for the club. The sample was later reduced to 12 as one player was omitted from the study owing to injury between the start and mid-season stage. No other participants sustained an injury that prevented them from taking part in more than one training session or match. During the study period, the players typically trained for 3-4 days of the week and played one match at the weekend (in-season only). Their training included a variety of strength, power, endurance, core stability and skill-related exercises, arranged to accommodate the demands of the season. More specifically, the players followed a periodized cycle beginning in the December pre-season (focus on hypertrophy and/or gains in strength alongside continuous aerobic conditioning), changing to an in-season program in February (power-based activities alongside higher-intensity/sprint interval training). Hypertrophy sessions included moderate-load, high-volume resistance sessions, using compound upper and lower-body movements. Upper and lower-body plyometric exercises and Olympic-style lifts were incorporated into the players’ program during the in-season periods, performed at lower volumes and higher intensities. Importantly, none of the exercises were aimed specifically at improving performance on the FMS alone. Consent was obtained from the players pursuant to law and Institutional Board approval for the study was granted by the Faculty of Applied Health Sciences Ethics Committee.   

Functional Movement Screening 
PARAGRAPH 7 The FMS procedure was carried out in accordance with the guidelines of Cook et al. (3). In brief, the full screen included 12 tests (in order); the squat, hurdle step (right then left), lunge (right then left), shoulder mobility (right then left), active straight leg raise (right then left), push-up and rotary stability (right then left) (3). In the days prior to the screen, each movement was demonstrated to the participants by an experienced strength and conditioning practitioner using the guidelines provided by Cook et al. (3), without any cues or suggestions relating to the quality of their movement from the researcher or observer. The movement was scored according to the criteria outlined in previous studies (11,13). Table 1 describes the instructions provided for each movement pattern and additional scoring information used by the researcher to assess the quality of the movement (see Cook et al. (3)). The equipment used was a 121.9 x 5.1 x 15.3 cm PVC measurement board with removable dowel (76.2 cm) inserts, a 121.9 cm PVC dowel and elastic band for the hurdle-step movement. The use of the equipment is described in Table 1. 

***************Table 1 near here****************

PARAGRAPH 8 The participants performed the movements twice, permitting the observer to vary their view of the athlete’s movement through different planes of motion (i.e. sagittal and frontal), respectively. An identical screening procedure was administered at both the mid- and end-of-season phase, at the same time of the day (13:00 - 20:00), using the same equipment. The FMS was performed by the participants at the start of a designated testing week, which was followed by the physical performance tests in the subsequent days. For consistency, the fitness tests were also carried out at the same time of day (between 16:00 – 19:00). All of the participants did not take part in exercise, outside of that required for completion of the study, in the 48 hours before any of the functional tests or performance measurements. As part of their support program, the players’ hydration and nutritional status was regularly monitored and, if required, adjusted (weekly) by sports scientists employed by the club.       

Sprinting Speed and CMJ Height
PARAGRAPH 9 Both the sprinting and CMJ tests were performed on the day after the FMS procedure. The tests of sprinting speed and CMJ height were preceded by a standardized warm-up that comprised moderate intensity jogging, calisthenics and dynamic stretching. The sprinting protocol consisted of two maximal sprint efforts, starting from a standing position, separated by a three minute recovery period. The sprinting course was marked with a pre-measured (tape measure) straight painted line, upon which timing gates were positioned at 10 and 40 m. At each interval, timing gate height was set at 60 cm (5). On both occasions, participants were instructed to start sprinting from 30 cm behind the first timing gate, from their preferred foot, until they reached the final cone. Split times were recorded at 10 and 40 m from a wireless receiver (Brower timing systems, Utah, USA) accurate to 0.01 s. The coefficient of variation (CV) for sprinting times over 10 and 40 m was 1.1% and 1.4%, respectively. The CMJ test was performed approximately 10 minutes after the sprinting test. Maintaining a stance at shoulder width, participants flexed their knees in a rapid downward motion, reaching approximately 90º, before rapidly extending their knees and driving in an upward motion to complete the jump. The participants performed three jumps with the highest jump used for analysis. CMJ height (cm) was calculated as the difference between landing and take-off time recorded using a timing mat system (Just Jump System, Probotics Inc., Huntsville, AL). The CV of the CMJ height was 2.4%. 

3RM full-squat and 1RM bench press
PARAGRAPH 10 For each of the strength tests, the procedures followed those outlined for the assessment of rugby league players (1). For the full-squat, the warm-up consisted of dynamic stretching and 3 light sets of 3 repetitions with progressively heavier loads, finishing 10-15 kg less than the individually prescribed goal 3RM. The participants then performed a 3RM load that was estimated in accordance with their training history and lifts during the warm-up. The participants were offered an additional attempt with the 3RM depending on whether the prescribed 3RM load was either successfully or unsuccessfully lifted. In such cases, one further attempt with an increment or reduction of 5% of the original load was permitted, respectively. For the 1RM bench press exercise, the participants followed an identical warm-up pattern using single, rather than 3, repetitions. For both the bench press and full-squat exercise, the bar was lifted in a smooth motion (i.e. approximate 2 second eccentric, 1 second pause and 2 second concentric action). For the bench press exercise, the bar was gripped marginally outside of shoulder width, with the feet remaining in contact with the floor and the buttocks remaining in contact with the bench. For the full-squat, the participant descended eccentrically until the top of the thigh was slightly below parallel with the floor. A qualified strength and conditioning coach monitored the lifting technique of each exercise, with the heaviest load lifted recorded as the participant’s final score. We have previously determined the test re-test reliability (CV%) of the bench press and full-squat exercises to be 1.7% and 2.0%, respectively.  

Statistical Analysis
PARAGRAPH 11 The distributions of the data sets were checked for normality using the Shapiro-Wilk statistic, with equality of variance being assessed via Levene’s test. Since violations to normality were observed (P < 0.05) in the FMS data sets, changes in each of the 12 FMS scores over the season were assessed using a non-parametric Friedman test, with seasonal stage (start-, mid- and late-season) as the independent variable. Changes in physical fitness (10 m speed, 40 m speed, CMJ height, bench press and full-squat) were assessed using a series of one-way analyses of variance with repeated measures (One-way ANOVA-RM), using seasonal stage as the independent variable. Pairwise comparisons were performed post-hoc using paired t-tests. Statistical significance was set at P < 0.05 and analysis was performed using SPSS (version 19).     

PARAGRAPH 12 Intra-observer test re-test reliability was assessed using the non-parametric statistical technique of Cooper et al. (4). Firstly, this technique required that the presence of bias between the test and re-test trials of the observer was checked via a median sign test. Secondly, the degree of random variation between trials was evaluated by calculating the percentage of agreement and associated 95% confidence intervals (CIs) between trials inside a ‘practically important’ reference value (12). In the context of FMS among elite team sport athletes, previous studies have demonstrated common mean changes of less than 1 in each movement component following a pre-season training intervention program (9). Such changes contributed to a significant increase in the composite FMS score of the athletes, rendering them as lower injury risks (9). As such, small (1 or less) changes in each FMS component require identification using the FMS protocol. Therefore, any variability (error) between repeated FMS measurements exceeding 1 would mean that any potential change (perhaps owing to a training intervention) is undetectable. As such, a reference value of ‘perfect agreement’ (zero difference between observations) was deemed as ‘practically important’ for each movement being assessed. For demonstrative purposes, a secondary (hypothetical) reference value of ± 1 (a difference of one in either direction) was also set. An error of plus or minus one was adopted since this is the smallest possible error that can be made on the 1-3 ordinal scale. It was anticipated that adopting a more tolerant reference value of ± 1 would highlight the margins within which the FMS components might be considered reliable.

RESULTS
Intra-Observer Reliability of the FMS
PARAGRAPH 13 There was no systematic bias (P > 0.05) found between trials for the scoring of any FMS component. Within the practically important reference value of ‘perfect agreement’, the observer demonstrated 100% agreement in all tests apart from the left lunge, left leg raise and the right leg raise. In the worst case, left leg raise and right leg raise showed agreements of 88.3% with 95%, respectively, with CIs ranging between 65.6% and 100% (Table 2).  
  
*****************Table 2 here*****************

Seasonal Changes in FMS and Physical Performance
PARAGRAPH 14 There were no effects of season stage on any of the FMS components (P > 0.05; Table 3). Similarly, there was no change (P > 0.05) in the accumulated FMS score across the season (Pre-season = Median 14, 95% CI = 14 to 18; Mid-season = Median 14, 95% CI = 14 to 18; Late-season = Median 14, 95% CI = 14 to 18).

******************Table 3 here*******************

PARAGRAPH 15 The ANOVA-RM demonstrated differences across the season for 10 m sprint time (F (1,11) = 3719, P < 0.001), 40 m sprint time (F (1,11) = 4410, P < 0.001), CMJ height (F (1,11) = 750, P < 0.001), 3RM squat (F (1,11) = 467, P < 0.001) and 1RM bench press (F (1,11) = 335, P < 0.001). Post-hoc paired t-tests revealed an improvement between pre- and both mid- and late-season in every performance test (Table 4). For each of the outcome measures, between 83% (n = 10) and 100% (n =12) of the participants showed a descriptive improvement in their fitness, reflecting a consistency in their response to training across the season. There were no differences (P < 0.05) found between mid- and late-season in any performance test, which was the case for all of the participants. 

*********************Table 4 here***********************

DISCUSSION
PARAGRAPH 16 Our findings have demonstrated that the majority of FMS components, in relation to a ‘practically relevant’ analytical goal, can be considered reliable. Such findings reaffirm the conclusions of previous studies (11), whilst adopting the use of a more appropriate non-parametric statistical technique. In particular, the squat, hurdle step (right and left), lunge (left), shoulder mobility (right and left), push-up and rotary stability (right and left) demonstrated 100% perfect agreement between trials, with a population range (CIs) showing no potential for random error in these measurements. The level of reliability shown in the aforementioned tests would permit the detection of changes in FMS components of the magnitude (i.e. less than 1) previously reported by Kiesel et al. (9). Whilst there was no systematic bias between trials for any FMS component (Table 2), there was more random error found for the active leg raise (right and left) and the right-sided lunge. Although 100% agreement was demonstrated within the hypothetical tolerance of ± 1 in the above tests, perfect agreement was marginally poorer, ranging from 88.3% to 91.6% (Table 2). Based on the 95% CIs, the active leg raise (both left and right) error could range as low as 65.6% or as high as 100% if the tests were to be performed again. In the context of the current analysis, obtaining an agreement of 65.6% would result in 34.4% of athletes’ hamstring flexibility being misinterpreted. It is for practitioners to recognize the implications of such findings when working with athletes and to consider the acceptability of this error range. However, as we have demonstrated, it is unlikely that an error range of ± 1 would be acceptable for team sport practitioners. As such, some caution is warranted when using the active leg raise tests in conjunction with the FMS protocol. The poorer reliability in the active leg raise components might be a consequence of insufficient pre-warming of the muscle group prior to the assessment. Incidentally, there is no standard warm-up advocated prior to the FMS assessment, which may also influence the scoring of this test. Within the hypothetical practical reference value of greater tolerance (± 1), 100% agreement was found for every FMS component. Such findings highlight the use of a-priori reference values that suit the context of eventual use. For example, potential users of the FMS who are less concerned with reaching perfect agreement and are willing to incorporate an error of ± 1 into their assessment can be assured of the credibility of the FMS to detect changes of a larger magnitude. 
 
PARAGRAPH 17 The improvements in speed, strength and jump height between the start and middle of the season are similar to those reported among rugby league players of a similar age and ability (7). Such changes reflect an acute neuromuscular adaptation (7), as well as increases in the contractile fibres of the relevant muscle groups, (1) that would support an increase in strength and power. In the current study, each parameter of fitness remained the same between the mid- and late-season periods (Table 4). Such changes were anticipated among the participants owing to the reductions in training load that are typical of a mid- to late-season transition (6). Given that the physical fitness of the participants’ changed markedly from the start to the middle of the season, one might expect concomitant changes in their FMS scores. However, no changes (either increase or decrease) in FMS components were found across the entire season (Table 3). This finding suggests either the qualities that are suggested to underpin the FMS tests (muscle strength, flexibility, range of motion, coordination and proprioception) do not contribute to performance in the physical fitness tests or that FMS scoring is not sensitive to these changes. Alternatively, it has been suggested that athletes can enhance athletic ability, independent of proper function, via compensatory adaptations (3). The lack of change in the FMS score in the presence of improvements in general physical fitness over the course of a competitive season has highlighted that the FMS tool should not be confused as a marker of athletic ability. Such findings are in agreement with previous studies that have demonstrated no relationship between physical performance and FMS scores among elite golfers (15). While it is not our contention that the FMS tool should be used to measure athletic ability, it is interesting that changes in strength, power and speed are not coupled by changes in functional movement. In this regard, our findings have two potential implications; firstly, it is possible that the widely adopted 21-point scale lacks sensitivity to changes in whole-body function, and thus physical performance. The recent development of a 100-point FMS protocol (2) might be a useful, and perhaps more sensitive, method of identifying changes in function. Secondly, in accordance with view of the developers of the FMS tool (3), our findings demonstrate that physical performance and physical function are separate constructs. 

PARAGRAPH 18 A 12-week off-season training intervention among elite American Football players helped to increase the cumulative FMS score, leading to the attainment of scores beyond the injury threshold of ‘14’ on the 21-point scale (9). In the current study, there were no such changes in the accumulated FMS score across the three season periods. Kiesel and colleagues (9) designed individualized training intervention programs, specifically focussing on improving the movement patterns of the FMS that were deficient at baseline. In contrast, a program designed to improve rugby league performance, rather than the FMS patterns alone, does not induce the same changes in the FMS. Potential users should be aware that a sport-specific training program that does not focus on deficient components of the FMS, yet encompasses various core stability and flexibility regimes (amongst others), will not improve performance in the FMS. Indeed, Kiesel et al. (9) suggested that the lack of a control group (i.e. not undergoing FMS-specific training) was a limitation of their study. It is possible that FMS-specific training programs condition the athlete to perform simple, yet novel, movements over a prolonged period of time. Future research should consider evaluating the relationship between FMS and injury incidence among rugby league players, which was not an aim of the current study. Such an analysis is required to ratify the FMS, and in turn programs aimed to improve FMS performance, as an indicator of the well-known injury risk in rugby league (10). 

PRACTICAL APPLICATIONS
PARAGRAPH 19 Within a reference value of ‘practical importance’, the FMS components can be reliably administered to elite rugby league players. Some caution is warranted with the active leg raise components, dependent on the degree of error that can be tolerated by the user. While the FMS is a reliable measure, our findings provide evidence that systematic changes in athletic ability can be developed independent of changes in movement function. Such findings demonstrate the apparent differences between physical performance and physical function and should encourage practitioners to separately assess each construct. The important finding for rugby league practitioners is that improvements in speed, strength and power across a competitive season do not rely on changes in FMS score and, without specific focus on developing the FMS movement patterns, they will not improve. Our findings should not necessarily deter practitioners from using the FMS but begin to question the specific qualities that are being assessed through its administration, as well as highlighting its poor relationship to improvements in selected parameters of fitness.
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Table 1. Functional Movement Screening (FMS) instructions and additional scoring information (see Cook et al., (3)). 
	
	
	

	FMS component 
	Instructions provided
	Additional scoring information 

	Squat
	1) Stand with your feet approximately shoulder width apart and toes pointing forward   
	1) If a score of 3 is not achieved place the 2x6 under the heels of the participant

	
	2) Grasp the dowel in both hands and hold it directly above your head, horizontally
	2) Torso parallel with tibia, knee, feet and dowel aligned, femur below horizontal = '3'

	
	3) While maintaining an upright torso, and keeping your heels and the dowel in position, descend as deep as possible
	3) As for a score of '1' but with the heels raised = '2'

	 
	4) Hold the descended position for a count of one, then return to the starting position
	4) Unable to perform the criteria for a score of '2'

	Hurdle step (right and left)
	1) Stand with your feet together and toes touching the board
	1) Ensure the hurdle (elastic) is placed in line with the tibial head

	
	2) Grasp the dowel with both hands and place it behind your neck and across the shoulders
	2) Hip, knee and ankle in sagittal plane, minimal lumbar flexion, dowel and hurdle parallel = '3'

	
	3) While maintaining an upright posture, raise the right leg and step over the hurdle, maintaining foot alignment with the ankle, knee and hip
	3) Any errors in the criteria for '3' = '2'

	
	4) Touch the floor with the heel and return to the starting position while maintaining foot alignment with the ankle, knee and hip 
	4) Contact between foot and hurdle or deviation of the dowel = '1'

	 
	5) Perform an identical movement pattern with the opposite legs 
	 

	Shoulder (right and left)
	1) Stand with your feet together and arms hanging comfortably
	1) Pre-measure the distance between the wrist fold and tip of middle finger

	
	2) Make a fist so your fingers are around your thumbs
	2) Fists are within 1 hand-length = '3'

	
	3) In one motion, place the right fist overhead and down your back as far as possible while taking your left fist up your back as far as possible
	3) Fists within 1.5 hand-lengths = '2' 

	 
	4) Do not “creep” your hands closer after their initial placement or arch your back. Perform again with the opposite hands 
	4) Firsts outside 1.5 hand-lengths = '1' 

	Lunge (right and left)
	1) Place the dowel along the spine so it touches the back of your head, your upper back and the middle of the buttocks 
	1) Dowel is vertical and contacts body, dowel and feet in sagittal plane, no torso movement and knee is placed in line with rear toe = '3'

	
	2) While grasping the dowel, your right hand should be against the back of your neck, and the left hand should be against your lower back
	2) Any compensation that does not meet the criteria for a score of '3' = '2'

	
	3) Step onto the 2x6 with a flat right foot and your toe on the zero mark
	3) Loss of balance that compromises the movement = '1'

	
	4) The left heel should be placed at the tibial measurement marker (pre-measured and described by the assessor)
	

	
	5) Both toes must be pointing forward, with feet flat
	

	
	6) Maintaining an upright posture, descend into a lunge position so the right knee touches the 2x6 behind your left heel
	

	 
	7) Return to the starting position and perform on the opposite side (ie left toe on zero mark and left hand behind head)
	 

	Leg raise (right and left)
	1) Lay supine with the back of your knees against the 2x6 with your toes pointing up (right angle)
	1) Pre-measure the relevant areas (below) and place dowel vertically in position

	
	2) Place both arms next to your body with the palms facing up
	2) Vertical intersection of the malleolus with measured point = '3'  

	
	3) With the right leg remaining straight and the back of your left knee maintaining contact with the 2x6, raise your right foot as high as possible
	3) Vertical intersection of the malleolus with mid-thigh and lateral epicondyle = '2'

	 
	4) Perform with the opposite leg
	4) Vertical intersection of the malleolus lower than lateral epicondyle = '1'

	Push-up
	1) Lie face down with your arms extended overhead and your hands shoulder width apart 
	1) Straight spine, body travels as one unit = '3'

	
	2) Pull your thumbs down in line with the your forehead
	2) Perform the movement as for a score of '3' with hands lowered by chin = '2'

	
	3) With your legs together, pull your toes toward the shins and lift your knees and elbows off the ground
	3) Cannot perform the movement with hands by chin = '1' 

	 
	4) While maintaining a rigid torso, push your body as one unit into a push-up position
	 

	Rotary stability (right and left)
	1) Get on your hands and knees over the 2x6 so your hands are under your shoulders and your knees under your hips
	1) Performs the movement uni-laterally in a slow, fluid motion remaining in the sagittal plane = '3' 

	
	2) The thumbs, knees and toes must contact the sides of the 2x6, and the toes must be pulled toward the shins
	2)  Performs the movement diagonally in a slow, fluid motion remaining in the sagittal plane = '2' 

	
	3) At the same time, reach your right hand forward and right leg backward, like you are flying
	3) Cannot perform the diagonal motion without falling

	
	4) Then without touching down, touch your right elbow to your right knee directly over the 2x6
	

	
	5) Return to the extended position
	

	
	6) Return to the start position Repeat with the opposite arm and leg
	

	 
	7) If unable to perform the movement, extend the right arm and left leg simultaneously (diagonally). Repeat with the left arm and right leg. 
	 












Table 2. The intra-observer reliability of the functional movement screening components 
	
	
	
	
	
	

	Indicator
	Median-Sign Test (P-value)
	PA = 0 (%)
	Confidence Interval (%)
	PA ± 1 (%)
	Confidence Interval (%)

	Squat
	1.000
	100
	100 to 100
	100
	100 to 100

	Hurdle step (right)
	1.000
	100
	100 to 100
	100
	100 to 100

	Hurdle step (left)
	1.000
	100
	100 to 100
	100
	100 to 100

	Shoulder (right)
	1.000
	100
	100 to 100
	100
	100 to 100

	Shoulder (left)
	1.000
	100
	100 to 100
	100
	100 to 100

	Lunge (right)
	0.338
	91.6
	78.5 to 100
	100
	100 to 100

	Lunge (left)
	1.000
	100
	100 to 100
	100
	100 to 100

	Leg raise (right)
	0.166
	88.3
	65.6 to 100
	100
	100 to 100

	Leg raise (left)
	0.166
	88.3
	65.6 to 100
	100
	100 to 100

	Push Up
	1.000
	100
	100 to 100
	100
	100 to 100

	Rotary stability (right)
	1.000
	100
	100 to 100
	100
	100 to 100

	Rotary stability (left)
	1.000
	100
	100 to 100
	100
	100 to 100


Note: PA = perfect agreement 
















Table 3. Intra-season changes in FMS scores in rugby league players (medians and inter-quartile range; IQR)
	Movement type
	Pre-season
	Mid-season
	Late-season

	
	Median
	     IQR
	Median
	     IQR
	Median
	IQR

	Squat
	2
	2
	to
	3
	2
	2
	to
	3
	2
	2
	to
	3

	Hurdle step (right)
	2
	2
	to
	2
	2
	1
	to
	3
	2
	1
	to
	3

	Hurdle step (left)
	2
	1
	to
	2
	2
	1
	to
	3
	2
	1
	to
	3

	Shoulder (right)
	2
	2
	to
	2
	2
	2
	to
	3
	2
	2
	to
	3

	Shoulder (left)
	2
	1
	to
	2
	2
	1
	to
	2
	2
	1
	to
	2

	Lunge (right)
	3
	2
	to
	3
	3
	2
	to
	3
	3
	2
	to
	3

	Lunge (left)
	3
	2
	to
	3
	3
	2
	to
	3
	3
	2
	to
	3

	Leg raise (right)
	2
	1
	to
	3
	3
	1
	to
	3
	3
	1
	to
	3

	Leg raise (left)
	3
	1
	to
	3
	3
	1
	to
	3
	3
	1
	to
	3

	Push-up
	3
	3
	to
	3
	3
	3
	to
	3
	3
	3
	to
	3

	Rotary stability (right)
	2
	2
	to
	2
	2
	2
	to
	2
	2
	2
	to
	2

	Rotary stability (left)
	2
	2
	to
	2
	2
	2
	to
	2
	2
	2
	to
	2



















Table 4. Intra-season changes in physical performance tests of fitness  
	 
	10 m sprint (s)
	40 m sprint (s)
	CMJ height (cm)
	3RM full-squat (kg)
	1RM bench press (kg)

	Pre-season
	2.02 ± 0.15a
	5.69 ± 0.35a
	20.11 ± 2.41a
	123.33 ± 17.75a
	112.92 ± 24.54a

	Mid-season
	1.98 ± 0.11b
	5.62 ± 0.31b
	20.58 ± 2.67b
	140.83 ± 24.20b
	125.83 ± 21.41b

	Late-season
	1.99 ± 0.11b
	5.64 ± 0.27b
	20.53 ± 2.65b
	142.50 ± 24.07b
	125.98 ± 24.48b


Note: 1RM = 1 repetition maximum; 3RM = 3 repetition maximum; CMJ = counter movement jump; values in the same column with a different superscript are sig. different (P < 0.05).






