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Background

Low back pain (LBP) is one of the most common complaints in individuals who seek
medical care and is a leading cause of movement impairments. The Functional Movement
Screen (FMS™) was developed to evaluate neuromuscular impairments during movement.
However, the reliability and validity of the FMS™ have not yet been established for the
LBP population because of a limitation of its original scoring system.

Purpose

The purposes of this study were to determine the reliability and validity of the FMS™
with a modified scoring system in young adults with and without LBP. The FMS™ scores
were modified by assigning a zero score only when there was an increase in LBP during
the FMS™, not simply for the presence of pain, as in the original FMS™ scoring system.

Study Design
Reliability and validity study.

Methods

Twenty-two participants with LBP (8 males and 14 females, 26.7 * 4.68 years old) and 22
age- and gender-matched participants without LBP (26.64 + 4.20 years old) completed the
study. Each participant performed the FMS™ once while being scored simultaneously and
independently by two investigators. In addition, each participant’s FMS™ performance
was video-recorded and then was scored by another two investigators separately. The
video-recorded performance also was scored twice six weeks apart by the same
investigator to determine intra-rater reliability.

Results

The results showed excellent inter-rater and intra-rater reliability of the FMS™
composite score with intraclass correlation coefficients ranging from 0.93 to 0.99 for both
groups. In addition, the LBP group scored significantly lower than the group without LBP
(p =0.008).

Conclusions

The results indicate that the FMS™ is able to distinguish between individuals with and
without LBP, and that it could be a useful test for clinicians to quantify movement quality
and to assess movement restrictions in individuals with LBP.

Levels of Evidence
2b.
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INTRODUCTION

Low back pain (LBP) is a musculoskeletal disorder that af-
fects more than 80% of people at least once in their life-
time.! LBP is considered one of the most common com-
plaints prompting individuals to seek medical care.2 The
total direct and indirect medical spending for LBP is es-
timated to be between $100 and $200 billion a year.! Al-
though a large proportion of individuals who experience an
acute episode of LBP experience rapid improvement, the
condition is often associated with high recurrence rates.34
In people with LBP, the behavior of fear-avoidance related
to LBP and the presence of pain may cause patients to at-
tempt to reduce pain by restricting motions of the spine.5 In
addition to subjective pain complaints, aberrant movement
patterns such as painful arc, lateral shifting, or Gower’s
sign are commonly observed in this patient population.®
Furthermore, these aberrant movements have been associ-
ated with lumbar instability as a result of passive support-
ive structural lesions and/or lack of muscle control.®>7 Al-
though aberrant movements can be detected and quantified
using imaging, there is no consensus regarding an objec-
tive clinical test for quantifying the severity of the abnormal
movement patterns in LBP.8,9

The Functional Movement Screen (FMS™) was devel-
oped to assess functional performance by identifying re-
strictions and compensations of movement patterns.!10:11
The FMS™ consists of seven component tests, and each test
is scored on a scale of 0 to 3, with the total composite score
ranging from 0 to 21 points.!0 FMS™ scores less than or
equal to 14 have been found to be associated with a higher
risk of musculoskeletal injury among firefighters, football
players, and female collegiate athletes.!2-14 Additionally,
rowers with lower FMS™ scores had a high risk of injury
and a higher likelihood of developing LBP.15 Further, people
with chronic pain demonstrated a lower FMS™ composite
score as compared to healthy controls. 16

The reliability of the FMS™ has been established in dif-
ferent healthy populations.17~19 The inter-rater reliability
of FMS™ composite scores in these studies ranges from
good (ICC = 0.76) to excellent (ICC = 0.98).17 In addition,
the standard error of measurement (SEM) was found to be
0.92 points, and the minimum detectable change (MDC)
was 2.54 points on the 21-point scale.20 However, these re-
liability variables were established from physically active
populations, such as active-duty service members and ath-
letes.18 Therefore, these results may not be applied to a
general population or a patient population.

The inter-rater reliability and intra-rater reliability of
the FMS™ test have been studied in individuals with LBP
by Ko et al, !¢ using its original scoring system, in which a
zero score is assigned when there is presence of pain, re-
gardless of the severity of the pain level. However, Ko et al.
did not describe whether or not their patient participants
had LBP at the time of testing (baseline). It is likely that
some of their participants did not have LBP at bassline test-
ing, because if they did, their FMS™ scores would have been
zero. Therefore, it is necessary to modify the original scor-
ing system, as it would underscore severely for those par-
ticipants who perform movements in proper form but have
zero scores simply because they have existing LBP at base-

line. In this modified scoring system, a zero score is given
only when the participant reports an increase in LBP. Sub-
sequently, when pain intensity does not change during a
movement test, it indicates that the movement is performed
properly, whereas when there is an increase pain from the
baseline during a movement test, it is indicative of an ab-
normal movement pattern. Therefore, the purposes of this
study were to determine inter-rater and intra-rater reliabil-
ity and construct validity of the FMS™ with a modified scor-
ing system in young adults with and without LBP.

METHODS
STUDY DESIGN

This study is a repeated measure study of the FMS™ with
a modified scoring system. In order to determine the inter-
rater reliability, two raters scored the same participant si-
multaneously in real time, and two additional raters scored
the same participant independently by reviewing video-
recorded sessions. Further, the video-recorded performance
was scored twice six weeks apart by the same investigator to
determine intra-rater reliability. The construct validity was
determined using the known-groups method by comparing
the modified FMS™ scores between the participants with
and without LBP. Prior to data collection, this study was ap-
proved by the Institutional Review Board of Texas Woman’s
University.

PARTICIPANTS

Using G*Power version 3.1,2! an a priori power analysis was
performed to calculate the sample size needed to detect a
significant difference between participants with and with-
out LBP. A total of 44 participants, 22 for each group were
needed to achieve a power of 0.80 using an a of 0.05 and an
effect size of 0.80. The effect size of 0.80 was chosen based
on the findings of a previous FMS™ study in an LBP popu-
lation. 16

A convenience sample of the participants for the study
was recruited from local communities. The eligible partic-
ipants were young adults between 18 and 40 years of age.
In addition, the eligible participants for the LBP group were
young adults who experienced repeated episodes of persis-
tent or recurrent LBP in the past year and were not re-
ceiving care at the time of the study from a physician or
other practitioners, such as a physical therapist or chiro-
practor.22 The asymptomatic participants, the group with-
out LBP, were young adults who did not have current LBP
and had not had any episode of LBP in the previous year.
Participants in both groups were excluded from the study
if they had any of the following conditions which might af-
fect the performance of the FMS™: (1) previous surgery to
the lumbar spine or abdomen, (2) current pregnancy, (3) any
neurological symptoms in the lower extremities, or (4) any
congenital abnormality in the lumbar spine.

RATERS

Four investigators scored the FMS™ test with the modified
scoring system for each participant in this study. Prior to
data collection, all investigators were required to read the
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FMS™ manual and to watch FMS™ videos at least once in
order to be familiar with each test of the FMS™. Addition-
ally, before data collection began, all investigators practiced
the FMS™ for three hours using the modified scoring sys-
tem, with the principal investigator (KA) who is a certified
in FMS™,

INSTRUMENTATION

FUNCTIONAL MOVEMENT SCREEN

The Functional Movement Screen™ kit (Functional Move-
ment Systems Inc., Chatham, VA), consisting of a two-inch
by six-inch board, one four-foot-long dowel, two short dow-
els, and an elastic cord, was used to administer the
FMS™.10 The FMS™ includes seven movement tests: deep
squat, hurdle step, in-line lunge, shoulder mobility, active
straight-leg-raise, trunk stability push-up, and rotary sta-
bility.10 In addition, there are three clearance screens (im-
pingement-clearing test, press-up clearing test, and poste-
rior-rocking clearing test), which are used to determine if
the participants have pain associated with internal rotation
and flexion of the shoulder, spinal flexion, and spinal exten-
sion, repectively.10-11 Three FMS™ test components are as-
sociated with a clearance screen: the shoulder mobility test
with the impingement clearance screen, the push-up test
with the press-up clearance screen, and the rotator stability
test with the posterior rocking clearance screen. However,
because this study focused on LBP population, the impinge-
ment-clearing test was excluded because it is not related to
LBP area and the other two clearing tests (press-up clearing
test and posterior-rocking clearing test) were included in
this study. In the original scoring system, each FMS™ test is
scored on a four-point scale: 3 if the movement task is per-
formed perfectly without compensations, 2 if completion of
the task requires compensatory movements, 1 if the partic-
ipant is unable to perform the movement as required, or O if
a participant feels pain during the movement task.10 How-
ever, for the purpose of this study, the FMS™ scores were
modified so that a zero score was given only if the partici-
pants reported an increase in LBP rather than simply for the
presence of pain. The total composite score ranging from 0
to 21 was calculated for analysis.10

DIGITAL VIDEO CAMERAS

Two digital video cameras (Nikon, Sendai, Japan) were used
to record the participant’s performance on all of the FMS™
test components. The cameras were positioned to obtain
the frontal and sagittal views of each participant from a dis-
tance of approximately 10 feet.

PROCEDURES

Participants who met inclusion criteria were informed of
the risks and the procedures of the study, and then signed
an informed consent form if they agreed to participate. Af-
ter consent was obtained, the demographic characteristics
(i.e., age, sex, height, weight, leg dominance) of each par-
ticipant were collected, followed by a physical examination
to determine the eligibility of the participant. Next, partic-
ipants with LBP were asked to rate their current pain using

the Numeric Pain Rating Scale (NPRS) and to complete the
Modified Oswestry Low Back Pain Disability Questionnaire
(OSW) to determine their disability level. Both the NPRS
and OSW have been shown to be reliable and valid measure-
ments for LBP.23-26

Next, each participant performed the seven tests of the
FMS™ in the same order as described in Cook et al.'s stud-
ies.10.11 The two cameras were used to record the entire
FMS™ testing session, and the two investigators (Rater 1
and Rater 2) were responsible for video recording. Another
two investigators (Rater 3 and Rater 4) independently
scored the FMS™ test in real time in order to determine in-
ter-rater reliability. One of these two investigators was re-
sponsible for the verbal instructions required for perform-
ing the FMS™, while the other investigator was responsible
for the demonstration of each test of the FMS™. The verbal
instructions and demonstration were repeated if necessary.
The participants were asked to rate their pain level using
the NPRS before each of the FMS™ tests. This pain score
was used as baseline to monitor changes of pain level dur-
ing and after each test. Participants performed three trials
for each of the seven FMS™ tests, and the best score from
the three trials was recorded. In addition, each participant
performed two clearance screens, namely the press-up
clearing screen after the push-up test and the posterior-
rocking clearing screen after the rotator stability test. The
clearance screens were graded as negative or positive. For
example, if a participant had no pain or if the pain level was
the same as that as the baseline, the clearance screen was
considered negative. Conversely, if there was an increase in
pain, the clearance screen was considered positive and the
associated FMS™ test was scored zero. Five of the seven
FMS™ tests (hurdle step, in-line lunge, shoulder mobility,
active straight-leg-raise, and rotary stability test) were per-
formed on both sides, first on the participant’s right side
first and then on the left. For the FMS™ tests that were
scored on both limbs, the lower score was used to compute
the composite score. The scores from the seven FMS™ tests
were added together to get a composite score. Later, the two
investigators (Rater 1 and Rater 2) who were responsible
for video-recording scored the FMS™ tests independently
while viewing the video-recorded sessions. To determine
intra-rater reliability, two raters scored each participant
separately through watching the video-recording at two
separate times, six-weeks apart.2’ Participants were asked
whether or not pain increased throughout the FMS™ test-
ing and video-recording, so that the Rater 1 and Rater 2
could score it accordingly when viewing the videos later.

STATISTICAL METHODS

The collected data was analyzed using IBM SPSS Version
25 (IBM Corp., Armonk, NY, USA). Descriptive statistics, in-
cluding mean and standard deviation (SD), were used to de-
scribe the participants’ demographic characteristics, NPRS
scores, OSW scores, and FMS™ composite scores. An inde-
pendent t-test was used to compare the demographic char-
acteristics between the participants with and without LBP.
Inter-rater reliabilities were assessed by using model 2 form
k intraclass correlation coefficients ICCy 1) with a 95% con-
fidence interval (CI) for each group.28 Intra-rater reliability
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Table 1: Participants’ Characteristics for the Low Back Pain and Asymptomatic Groups

Variables LBP Group (n=22) Asymptomatic Group (n=22) p-value
Age (yrs) 26.73+4.68 26.64+4.20 0.946
Gender 8 men; 14 women 8 men; 14 women 1.000
Height (m) 1.71+£0.06 1.71+£0.07 0.826
Weight (kg) 72.08 +18.47 66.31+8.73 0.193
BMI (kg/m?2) 24.57+5.63 22.51+1.95 0.113
NPRS (0-10) 2.82 +1.01 NA NA
OSW (%) 12.27+7.38 NA NA
Modified FMS? (0-21) 14.07 £2.80 16.16 +2.08 0.008

BMI= body mass index; FMS™= functional movement screen; n= sample size; NPRS= numeric pain rating scale; OSW= modified Oswestry low back pain disability questionnaire.

Table 2: Participants’ Characteristics for Intra-rater Reliability Analysis.

Variables LBP Group (n=12) Asymptomatic Group (n=12) p-value*
Age (yrs) 26.08 +4.03 25.33+2.99 0.610
Gender 3 men; 9 women 4 men; 8 women 0.653
Height (m) 1.73+0.05 1.70+0.08 0.245
Weight (kg) 70.31+£16.64 65.85+£9.25 0426
BMI (kg/m2) 23.26+4.67 22.66+2.13 0.692

BMI= body mass index; LBP= low back pain.
*Independent t-tests for ratio data and chi-square tests for categorical data.

were assessed by using model 2 form k intraclass correlation
coefficients (ICCz 1) with a 95% CI for each group.?8 In
addition, the SEM was calculated for the inter-rater and
intra-rater reliability of the FMS™ composite score using
the formula: SEM = SD+v/1 — ICC at 95% CI.28 Then, the
MDC was calculated using the following equation:
MDC 95 = 1.96 x SEM x v/2 to determine the minimal
degree of change in the composite score of the FMS™,
which reflects the threshold of error measurement at the
95% CI.28 The values of MDC were rounded to an exact
number that reflected the measurement scale of the FMS™.,
ICC values of 0.90-0.99 indicated excellent reliability,
0.80-0.89 indicated good reliability, 0.70-0.79 indicated
fair reliability, and 0-0.69 indicated poor reliability.2° To
determine the construct validity, an independent t-test was
used for the total modified FMS™ scores and Mann-Whit-
ney U test for each FMS™ test component (ordinal data) to
compare between participants with and without LBP. The
significant levels for all analyses were set at p < 0.05.

RESULTS

All of the 44 participants who met the inclusion criteria
completed the study. The characteristics of the 44 partici-
pants, 22 (8 men, 14 women) in each group, are displayed
in Table 1. There were no significant differences in the par-
ticipant characteristics (i.e., gender, age, height, weight,
and body mass index) between individuals with and without

LBP.

In addition, 22 of 44 participants were video-recorded.
The characteristics of these 22 participants are shown in
Table 2. Similarly, there were no significant differences in
the participant characteristics between the video-recorded
participants with LBP and those without LBP.

Table 3 illustrates the means and standard deviations of
the modified FMS™ composite score and each test com-
ponent scores for each group. Table 4 shows the means,
SDs, and range of the FMS™ total composite score for each
rater. The inter-rater reliability results and the 95% CI for
the FMS™ composite scores are shown in Table 5. Overall,
the inter-rater reliability and intra-rater reliability were ex-
cellent for the modified FMS™ composite scores collected
in real-time, via watching videos, and in real-time vs. via
watching videos for each group. In addition, participants
with LBP had significantly lower modified FMS™ composite
scores as compared to the asymptomatic group (LBP group:
14.07 £ 2.80 points, asymptomatic group: 16.16 +2.08
points, p = 0.008).

DISCUSSION

The results of this study showed good-to-excellent intra-
rater reliability and inter-rater reliability using the modified
FMS™ scoring system for both groups when the scores were
collected in real time. These results are consistent with
what has been reported in previous studies for the asymp-
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Table 3: Mean and Standard Deviation of the Modified Functional Movement Screen Scores for
both Low Back Pain and Asymptomatic Groups. Reported as score * SD.

Variables

Low Back Pain Group

Asymptomatic Group

(n=22) (n=22) p-value

Deep squat 1.9+10 25+0.6 0.033*
Hurdle step 22+0.7 2.3+0.5 0.813
In-line lunge 25+0.9 2.6+0.5 0.774
Shoulder mobility 25+0.7 25+0.7 0.881
Active straight leg raise 20+10 25+0.5 0.158
Trunk stability push-up 1.3+1.2 2010 0.037*
Rotary stability 1.7+0.7 1.8+04 0.847
Total score (0-21) 14.1+28 16.2+2.1 0.008*

*Statistically significantly different at p < 0.05.

Table 4: The Modified Composite Scores of the Functional Movement Screen for Both Low Back

Pain and Asymptomatic Groups. Reported as mean * SD
Rater LBP Group Range Asymptomatic Group Range

Mean = SD (Min -Max) n Mean £ SD (Min-Max) n

Rater 1 (real-time) 141+28 9-18 22 16.2+2.1 12-19 22
Rater 2 (real-time) 140+28 8-18 22 16.1+2.1 12-20 22
Rater 3A* (video) 143+2.1 11-17 12 164+2.1 13-19 12
Rater 4 (video) 13.9+24 10-18 12 16.2+2.0 13-19 12
Rater 3B* (video) 144+24 11-18 12 16.3+1.8 13-19 12

LBP= low back pain; SD= standard deviation.

*3A and 3B were performed 6 weeks apart.

Table 5: Intraclass Correlation Coefficient (ICC), Standard Errors of Measurement (SEM), and

Minimal Detectable Change (MDC) Values for Inter-rater and Intra-rater Reliability of the

Modified Functional Movement Screen.

Loa Back Pain Group Asymptomatic Group

Reliability Type ICC[95%ClI] SEM MDCgy; ICC[95%ClI] SEM MDCgys
Inter-rater (real-time) 0.99[0.98,0.99] 0.38 1.05 0.96[0.90,0.98] 0.38 1.05
Inter-rater (video) 0.94[0.78,0.98] 0.58 1.62 0.93[0.77,0.98] 0.58 1.62
Inter-rater (real-time vs. video) 0.98[0.42,0.99] 0.35 0.98 0.98[0.94,0.99] 0.35 0.98
Intra-rater (video vs. video) 0.98[0.93,0.99] 0.33 0.90 0.97[0.91,0.99] 0.33 0.90

CI= confidence interval; MDCgs= minimal detectable change at the 95% level of confidence.

tomatic group, such as in Onate et al.'s study2? (ICC = 0.98)
and Parenteau-G et al.'s study2? (ICC = 0.96) in, which the
inter-rater reliability was examined on a young active pop-
ulation by using two raters and the real-time method for
scoring.2729 Excellent inter-rater reliability (ICC = 0.97) was
also found in a study in which physically active individuals
aged between 18 and 40 years were examined.30 Similar to
this current study, only two investigators performed scoring
in real time. On the contrary, Teyhen et al.20 reported a fair
inter-rater reliability (ICC = 0.76) of the FMS™ for an ac-

tive young population. The conflicting results could be due
to the use of eight raters in the study by Teyhen et al., thus
increasing variance among the raters, and therefore, result-
ing in a lower ICC value.3!

In addition, when using the video-recording method, the
intra-rater and inter-rater reliability of the FMS™ compos-
ite score was excellent for both groups. Leeder et al.32 re-
ported a high inter-rater reliability (ICC = 0.90) of the
FMS™ scores among 20 raters in a young adult athletic pop-
ulation who were pain free. In the study by Leeder et al.
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three cameras were used and were positioned to the front,
side, and overhead. Similar to this current study, Gulgin et
al.33 also used two cameras positioned in the sagittal and
frontal views to record the FMS™ tests. They also demon-
strated good inter-rater reliability (ICC = 0.880) of the
FMS™, which was assessed by four raters with various ex-
periences in administering the FMS™.33 Both the Gulgin et
al. study and this current study indicated that the FMS™
does not appear to require extensive experience in order
to achieve good reliability. Good reliability achieved by a
novice user can be due to the inherent standard criteria
of the FMS™ for performance interpretation and scoring.33
Further, the inter-rater reliability was excellent between the
modified FMS™ scores assessed by one investigator watch-
ing the video recordings and by the other investigator in
real-time. This result suggests that scoring a recorded
FMS™ performance was as consistent and reliable as scor-
ing the test in real-time.

The ICC values showed good-to-excellent intra-rater re-
liability of the FMS™ with the modified scoring system for
both the asymptomatic and LBP populations, The result of
the current study is in agreement with a study which re-
ported ICC = 0.96 for an asymptomatic group using a sim-
ilar research design.2” Gribble et al. attributed experiences
in use of the FMS™ to their high intra-rater reliability (ICC
=0.94) because their novice group had lower inter-rater ICC
values (0.37 - 0.75).34 However, experience did not appear
to be a factor in this current study because the investigator
who scored the video-recorded FMS™ performances twice
was a novice rater. Consequently, the MDCgy; values of this
study differed from those reported by Teyhen et al.,20 who
found a higher MDCy; value (2.54 points) in active duty ser-
vice members. The variances in MDCy; values result from
the differences in the ICC values between the two studies as
the level of reliability affects the MDC based on the calcula-
tion formula.28

The results showed a significant difference in the modi-
fied FMS™ scores between the asymptomatic group and the
LBP group, indicating that the modified FMS™ was capa-
ble of distinguish young adults with LBP from those with-
out LBP. The result was in agreement with those in the Ko et
al. study, ¢ in which the authors also found differences be-
tween individuals with and without chronic LBP. Although
the FMS™ composite scores were similar in both studies for
the asymptomatic participants, the FMS™ composite score
for the patient participants of this study (14 points) was
higher than that in the Ko et al. study (11 points). Chronic-
ity of LBP in the Ko et al. study could have contributed to
difference between the two studies. In addition, the partic-
ipants in their study were much older (42.2 years) as com-
pared to those in this current study (26.7 years). It has been
found that age affects the performance of the FMS™ with
younger individuals performing the FMS™ better.3> Coin-
cidently, an FMS™ score of 14 or lower is associated with
a higher risk of musculoskeletal injury among competitive
athletes.!2-14 Furthermore, the result of each FMS™ test
component revealed that the LBP group appeared to have

more deficits in movement performance on the deep squat
test and the trunk stability push-up test than the asympto-
matic group. These findings are not surprising because both
deep squat and push-up demand spinal stability and motor
control of the core musculature and participants with LBP
likely had deficits in the spinal stabilizers.3¢ However, Ko et
al. used the original scoring system, which could have un-
der-scored the FMS™ performance for those who had ex-
isting LBP, as presence of pain at baseline was given a zero
score. Using the modified scoring system in our study, par-
ticipants who performed movement correctly were awarded
a score that was more representation of their quality of
movement. It was necessary to make the modification as the
FMS™ was designed to assess quality of movement.

This study has some limitations. One limitation was that
the participants in this study were young and the intensity
of their LBP was low. Therefore, the results might not be
generalized to the other ranges of age and to individuals
with higher intensities of LBP. Although the two raters who
viewed and scored the FMS™ performance four days later
after they recorded the real-time performance for inter-
rater reliability, and viewed and scored again six weeks
later, it is not certain if the two raters could recall the per-
formance.

CONCLUSION

These results of the current study indicate good-to-excel-
lent intra-rated and inter-rater reliability of the FMS™ with
a modified scoring system when the scores were collected in
both real-time and video-recorded sessions from the young
adults with and without LBP. In addition, the modified
FMS™ scoring system allows clinicians to quantify the
quality of movement in young adults with LBP and identify
restrictions and limitations to common body movement
patterns requiring minimal time and financial costs. Iden-
tification of such factors may allow therapists to address
movement impairments in their plan of care. For future
study, researchers should assess the reliability and validity
of the FMS™ in individuals with older ages and with varying
stages of LBP.
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