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Superior athletic performance is typically attributed to 
athletes who possess greater power, speed, and 
balance,28 and limb asymmetries appear to increase risk 

of injury.15,32,33,39 The Functional Movement Screen (FMS) uses 
standardized movement patterns to clinically assess movement 
quality in active individuals.2,3,6-8,11,12,21,23,31 The FMS forecasts 
risk of injury and identifies specific exercises and activities to 

avoid until the required movement competency is achieved.9 
Higher scores on the FMS are anecdotally linked to better 
athletic performance, and poorer scores are addressed to 
decrease risk of injury.7-9

The FMS is composed of 7 tests: the deep squat, hurdle step, 
in-line lunge, shoulder mobility, active straight-leg raise, trunk 
stability push up, and rotary stability.7,8 Each test is scored on a 
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Background: The in-line lunge of the Functional Movement Screen (FMS) evaluates lateral stability, balance, and 
movement asymmetries. Athletes who score poorly on the in-line lunge should avoid activities requiring power or speed 
until scores are improved, yet relationships between the in-line lunge scores and other measures of balance, power, and 
speed are unknown.

Hypothesis: (1) Lunge scores will correlate with center of pressure (COP), maximum jump height (MJH), and 36.6-meter 
sprint time and (2) there will be no differences between limbs on lunge scores, MJH, or COP.

Study Design: Descriptive laboratory study.

Level of Evidence: Level 3.

Methods: Thirty-seven healthy, active participants completed the first 3 tasks of the FMS (eg, deep squat, hurdle step, 
in-line lunge), unilateral drop jumps, and 36.6-meter sprints. A 3-dimensional motion analysis system captured MJH. Force 
platforms measured COP excursion. A laser timing system measured 36.6-m sprint time. Statistical analyses were used to 
determine whether a relationship existed between lunge scores and COP, MJH, and 36.6-m speed (Spearman rho tests) and 
whether differences existed between limbs in lunge scores (Wilcoxon signed-rank test), MJH, and COP (paired t tests).

Results: Lunge scores were not significantly correlated with COP, MJH, or 36.6-m sprint time. Lunge scores, COP excursion, 
and MJH were not statistically different between limbs.

Conclusion: Performance on the FMS in-line lunge was not related to balance, power, or speed. Healthy participants were 
symmetrical in lunging measures and MJH.

Clinical Relevance: Scores on the FMS in-line lunge should not be attributed to power, speed, or balance performance 
without further examination. However, assessing limb symmetry appears to be clinically relevant.
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0 to 3 scale, with 3 being the best score, and scores of all tests 
are then summed for a total score.7,8 Poor scores are thought to 
increase risk of injury, thus certain activities should be avoided 
until the limited movement pattern is addressed.9 However, 
there is inconsistency in interpreting FMS results, as both high 
and low scores have predicted increased risk for injury in active 
male and female individuals.2,6 Furthermore, total FMS score is 
not a meaningful predictor of sprinting, jumping, and agility 
measures,31 and limited evidence exists to inform whether 
specific scores on the 7 tasks are associated with athletic 
performance.4,29

Grading guidelines state that if an athlete scores 
asymmetrically or is graded a 1 on the in-line lunge, then speed 
and agility training is inappropriate until the faulty in-line lunge 
pattern is corrected.9 Yet the relationships between FMS in-line 
lunge scores and performance measures remain unclear.5,29 
Testing whether in-line lunge scores are related to known 
measures of power (unilateral maximum jump height [MJH]) 
and speed (36.6-m sprint)10,18-20,25,38 are warranted to support 
these guidelines. Since balance (center of pressure [COP] during 
the in-line lunge) and movement asymmetries are associated 
with increased risk of injury,15,32,33,39 the association between 
balance and in-line lunge scores and scoring the in-line lunge to 
quantify asymmetrical movement patterns is also warranted.

The purpose of this research was to understand the FMS in-line 
lunge’s relationship to unilateral jump height, 36.6-m sprint time, 
and COP excursion in the medial-lateral direction during the in-line 
lunge. We hypothesized that (1) lunge scores will correlate with 
MJH, 36.6-m sprint time, and COP excursion while lunging and (2) 
there will be no difference between the dominant and 
nondominant limb in scores on the FMS in-line lunge, MJH during 
the unilateral drop jump, and COP during the in-line lunge.

Methods

A descriptive study design was used to evaluate limb symmetry 
during lunging and unilateral drop jumps and to determine 
whether relationships between FMS in-line lunge score, power, 
speed, and balance existed. The study took place at the 
University of New England’s Human Performance Laboratory 
located at Orthopaedic Associates Performance Center, Saco, 
Maine, USA.

Participants

Because of a lack of information in the current literature, to 
power our study, we chose to use the Cohen method with a 
moderate d, an α of 0.05, and a β of 0.8 to estimate our sample 
size.34 Thirty-three participants were estimated, and we received 
funding to compensate 37 participants to account for potential 
attrition via outliers and/or unusable data. Outliers were defined 
a priori as greater than 3 standard deviations from the mean.

Thirty-seven participants were recruited using posted fliers at 
the University of New England (UNE) and e-mails to the UNE 
community (Portland and Biddeford campuses). We included 
healthy men and women, aged 18 to 40 years, who met the 
fitness guidelines set forth by the American College of Sports 

Medicine, defined as follows: (1) performed moderate-intensity 
aerobic physical activity for a minimum of 30 minutes 5 days 
per week or vigorous activity for a minimum of 20 minutes 3 
days per week or (2) performed activities that maintain or 
increase muscular strength and endurance a minimum of 2 days 
each week.37 Participants were excluded if they had a history of 
or current musculoskeletal pathology that restricted normal 
movement capabilities, which included but were not limited to 
the following: spine/hip/knee/ankle surgeries; hip/knee 
osteoarthritis; shoulder impingement or upper extremity issues 
restricting internal and external range of motion necessary to 
reach the dorsum of the hand to the lumbar spine and palmar 
aspect of the hand to the back of the head, respectively (this 
motion is required to hold a dowel while performing the in-line 
lunge assessment); knee joint effusion; and/or any complaints 
of pain during lunging or jumping. There were no exclusion 
criteria based on lower extremity range of motion.

Data Collection

The subject was asked to perform the first 3 tests of the FMS 
protocol, then unilateral drop jump landings, and finally, the 
36.6-m sprints. To establish limb preference, participants were 
asked, “If you were to stand with feet parallel and hip width 
apart, arms by sides, and eyes fixed straight ahead, which leg 
would you use to kick a ball, pick up a marble, and trace shapes 
with your foot if the objects for manipulation were placed 
midway between both limbs?” A laterality quotient was used to 
determine limb dominance by subtracting the frequency of left 
limb responses from right limb responses and then dividing by 
the total number of tasks. A negative number corresponded with 
the right limb and a positive number with the left. A laterality 
quotient using similar criteria based on the same 3 tasks 
demonstrated high reliability in determining footedness.36

Once limb dominance was determined, a random number 
generator was used to determine which limb would be forward 
first when performing the lunge. To keep in agreement with the 
FMS protocol, no warm-up or practice trials were allowed, and 
the forward limb was the limb of interest.7,8 Participants 
completed 3 repetitions of the first 3 tasks of the FMS in a 
predetermined order per the FMS protocol: deep squat, hurdle 
step, and in-line lunge.7 The FMS kit was used for the deep 
squat and hurdle step tasks, and the in-line lunge platform was 
not used. Instead, the laboratory floor was prepared with a 
6-inch-wide strip marked with tape on the force plate to 
replicate the platform used by the FMS kit. The participant’s 
tibia length was measured, from the ground to the top center of 
the tibial tuberosity, to determine the distance between feet 
when lunging.7 Lunge scores were based on FMS grading 
criteria7 (Table 1 and Figure 1).

All in-line lunge scores were determined by the same 
investigator who was familiar with the FMS in-line lunge 
protocol and scoring criteria. Reliability of FMS scoring between 
novice and expert raters has been shown to be moderate to 
excellent, with intrasession interrater reliability measuring 0.98 
on total FMS scoring33 and 89.8% agreement in scoring on the 
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in-line lunge between novice and expert raters.27 Three trials 
were attempted, with the highest rating used for analysis. 
Additionally, the COP excursion in the medial-lateral direction 
that corresponded with the best in-line lunge score for each 
limb was used for analysis.20

After lunging, participants performed 3 unilateral drop jumps 
off a 30.48-cm (12-inch) plyometric box for both the dominant 
and nondominant limb.1 Participants were given 2 practice trials 
for each limb followed by 3 measured trials. A 45- to 60-second 
rest period between each jump was given to minimize the effects 
of fatigue. Participants were asked to stand on the plyometric box 
with the nonjumping leg (which was randomized) then lean 
forward to fall from the box. Instructions were to immediately 
jump up as high as possible on landing with time on the ground 
kept to a minimum. A total of 3 jumps were measured, and the 
best of the 3 trials was used for analysis.

After completion of the drop jump landing tasks, participants 
were asked to sprint. Sprint trials were measured using a laser 
timer system (Brower Timing Systems, Draper, Utah). 
Participants were allowed 1 practice 36.6-m sprint as a warm up 
where they selected their starting position and thumb placement 
on the starting pad. Participants were instructed to stand behind 
a start line on an indoor rubber track. From the start point, 
participants began in a 3-point stance, started to sprint when 
desired, and sprinted 36.6 m. A total of 3 trials were measured, 
and the best of the 3 trials was used for the analysis.

Data Management and Analysis

Lunge and drop jump trials were performed on 2 force plates 
(AMTI, Watertown, Massachusetts) set at 2400 Hz covered by a 
Super X indoor rubber track surface (All Sports Enterprises, Exton, 
Pennsylvania). Jump height was measured with a single marker 
attached to the pelvis over the sacrum. A standing calibration was 

used to attain baseline height for the pelvic marker. Lunge COP 
excursion (maximal distance moved) was normalized to foot 
width,18,19 with markers on the first and fifth metatarsal heads used 
to define foot width. Kinematic data were collected at 240 Hz 
using 8 Oqus Series-3 cameras (Qualisys, Gothenburg, Sweden).

Visual 3D was used to apply a Butterworth filter with a cutoff 
of 12 Hz for jump trials32 and 6 Hz for lunge trials for kinematic 
data and a Butterworth filter with cutoff of 20 Hz for analog 
data, as determined by a fast Fourier transformation.

Statistical Analysis

Statistics software was used to calculate demographic data and 
to perform the analyses (SPSS Statistics 20, IBM Corporation, 
Armonk, New York). A Wilcoxon signed-rank test was used to 
determine whether scores on the in-line lunge differed between 
dominant and nondominant limbs. Paired t tests were used to 
compare the dominant and nondominant limb’s COP during the 
FMS in-line lunge and maximum jump height. A Spearman rho 
test was used to determine relationships between FMS in-line 
lunge scores and COP excursion during the FMS in-line lunge, 
unilateral drop jump maximum height, and 36.6-m sprint times.

Results

Descriptive statistics were calculated for age, weight, height, 
body mass index, sex, and limb dominance (Table 2). 
Frequency counts of the FMS in-line lunge scores were obtained 
for the dominant and nondominant limb (Table 3). FMS in-line 
lunge scores were not statistically significantly correlated with 
any athletic performance measures (eg, COP excursion, MJH, or 
sprint time) (Table 4). No significant differences between limbs 
were found for FMS in-line lunge scores, COP excursions, or 
MJH during the unilateral drop jump (Table 5).

Table 1. Functional Movement Screen in-line scoring criteria

Functional Movement Screen Score

3 2 1 0

•  Dowel contacts 
remain with lumbar 
spine extension

•  Dowel contacts do not 
remain with lumbar 
spine extension

•  Loss of balance is 
noted

•  The athlete will receive a score of zero 
if pain is associated with any portion 
of this test; a medical professional 
should perform a thorough evaluation 
of the painful area

•  No torso movement 
is noted

•  Movement is noted 
in torso

 

•  Dowel and feet 
remain in sagittal 
plane

•  Dowel and feet do 
not remain in sagittal 
plane

 

•  Knee touches board 
behind heel of front 
foot

•  Knee does not touch 
behind heel of front 
foot
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discussion

Better performance on the FMS in-line lunge was not related to 
better balance while lunging (smaller COP excursion), greater 
power generation (MJH), or faster speed (lower 36.6-m sprint 
time), as hypothesized. However, no significant differences were 
found between limbs while lunging (scores or COP measures) 
or jumping. The implication that those with lower scores should 
not perform power/speed movements until the scores on the 
in-line lunge improve7 was not supported by our findings. Thus, 
using the in-line lunge grading criteria to assess limb 
asymmetries may be clinically meaningful, whereas relating 

poor lunge performance with readiness to work on parameters 
of power, speed, and balance is not recommended.

Though supporters of the FMS suggest that mobility and 
stability gained by working on the lunge movement pattern will 
enhance body awareness and motor learning and lead to better 
power and speed,7,9 lunge scores do not relate well to these 
performance measures. Other researchers found a relationship 
between the lunge score and the T-run agility test for the left 
limb only, but lunge scores were not related to the backward 
medicine ball throw or the single leg squat test.29 Additionally, 
no significant correlations were found between the total FMS 
score and vertical jump height as well as the 10-m and 20-m 
sprint time.31 Furthermore, scores on the in-line lunge do not 
relate to balance measures in the medial-lateral direction.

Others reported no significant relationship between FMS in-line 
lunge scores and standing balance measured by COP standard 
deviation in the medial-lateral and anterior-posterior directions, 
COP velocity, and COP area.6 Since dynamic tests of balance have 
more utility in evaluating athletic balance than static balance 
measures,19 we investigated COP measures during the in-line 
lunge task itself. Given that a tandem stance increases stress on 
the postural-control system in the frontal plane30 and the in-line 
lunge assumes an exaggerated tandem stance, we hypothesized 
that a relationship would exist between lunge scores and 

Figure 1. Functional Movement Screen in-line scoring 
criteria outline.

Table 2. Subject demographics

Mean (SD) Range

Age, y 25.1 (3.7) 21-40

Mass, kg 72.0 (15.9) 51.8-129.6

Height, m 1.7 (0.1) 1.59-1.90

BMI, kg/m2 24.5 (3.9) 19.55-38.7

Sex 17 men; 20 women

Limb dominance 30 right; 7 left

SD, standard deviation; BMI, body mass index.

Table 3. Frequency count of Functional Movement Screen 
(FMS) in-line lunge score

Dominant 
Limb

Nondominant 
Limb

FMS score 3 18 18

FMS score 2 15 13

FMS score 1 4 6

N 37 37
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maximum medial-lateral excursion of COP. Additionally, since 
frontal plane movement lowers the score on the lunge, a larger 
total COP excursion in the medial-lateral direction was expected 
for lower scores. However, a lack of empirical evidence relating 
FMS in-line lunge to static standing balance or balance during the 
in-line lunge task itself questions the assumption that performance 
on the FMS in-line lunge is associated with balance performance.

Our findings indicate that healthy participants scored highly 
on the FMS in-line lunge for both limbs and moved 
symmetrically. Participants’ in-line lunge scores were distributed 
across the 1, 2, and 3 score ranges (see Table 3), yet scores 
were predominantly 3 (skewness: −0.647 for the dominant limb 
and −0.621 for the nondominant limb). The in-line lunge is one 
of the most consistent and highest graded tests of the FMS, with 

the majority of young, active male and female individuals 
scoring either a 2 or 3.13,35 Both active individuals and elite 
athletes score symmetrically during the in-line lunge, maximal 
jumping, and static and dynamic balance tests.14,16,17,21,22,24,26 
Based on our results and in conjunction with previous research 
across the spectrum of elite athletes and nonathletes, it appears 
that healthy individuals tend to have equal side-to-side postural 
control of their limbs during static and dynamic tasks including 
the FMS in-line lunge and symmetrical unilateral jump heights.

Limitations

Our results are generalizable to healthy, physically active 18- to 
40-year-old subjects. The majority of our participants scored 
high (2 or 3) on the FMS in-line lunge, which may have limited 

Table 4. Relationships between Functional Movement Screen ranking and performance measures

Dominant Lunge Nondominant Lunge

COP  

 Correlation coefficient 0.081 −0.293

 P value 0.64 0.08

 N 37 37

MJH  

 Correlation coefficient 0.101 −0.036

 P value 0.55 0.83

 N 37 37

36.6-meter sprint  

 Correlation coefficient −0.136 −0.219

 P value 0.42 0.19

 N 37 37

COP, center of pressure excursion in the medial-lateral direction; MJH, maximum jump height.

Table 5. Limb differences

Dominant Limb, 
Mean (SD)

Nondominant Limb, 
Mean (SD)

 
95% CI

 
P Value

FMS in-line lunge scores 2.38 (0.681) 2.32 (0.747) −0.121 to 0.229 0.527a

COP (% foot width) 31.5 (9.60) 34.6 (10.3) −6.9 to 0.7 0.110b

MJH (m) 0.278 (0.059) 0.271 (0.056) −0.004 to 0.017 0.201b

FMS, Functional Movement Screen; SD, standard deviation; CI, confidence interval; COP, center of pressure; MJH, maximum jump height.
aP value for the Wilcoxon matched-pair signed-rank test.
bP value for the paired-samples t test.
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our ability to make meaningful correlations. Additionally, we 
were interested in medial-lateral sway during the FMS in-line 
lunge, and subsequent research using additional postural 
control variables would provide a more comprehensive 
investigation of the relationship between balance measures and 
in-line lunge performance.

conclusion

The FMS in-line lunge scores were not found to be related to 
power, speed, or balance performance measures. The results 
suggest that scoring of the FMS in-line lunge may not be 
sensitive enough to effectively differentiate variables that could 
affect performance, such as center of pressure measures in the 
medial-lateral direction, a 36.6-m sprint, or unilateral drop jump. 
Healthy subjects were symmetrical when lunging and 
performing maximal jump height during the unilateral drop 
jump. Scores on the FMS in-line lunge should not be attributed 
to a subject’s balance during the in-line lunge task or infer 
performance ability in tasks requiring lower extremity power or 
speed; however, lunge scores may still have clinical utility in 
identifying abnormal and asymmetrical movement as part of a 
thorough examination.
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