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with reverse-ASLR exercises and not repeating ASLR 
exercises
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In the Functional Movement Screen (FMS), a subgroup of those with a 
score of 1 due to limitations in the active straight leg raising (ASLR) but 
not in the passive straight leg raising is considered to have a stability or 
motor control dysfunction (SMCD). The FMS proposes the use of the 
movements in a reverse pattern to improve FMS scores. The aim of this 
study was to investigate whether the reverse pattern of the ASLR (re-
verse-ASLR) was more effective than repeating the ASLR to improve 
the FMS score in participants with the FMS ASLR score of 1 due to the 
SMCD (ASLR-1-SMCD). A two-armed randomized controlled trial was 
conducted in individuals with the ASLR-1-SMCD. The intervention was 
either the reverse-ASLR or the ASLR exercise on both sides at home for 
a month followed by a 1-month wait-and-see interval, wherein the pri-
mary outcome measure was the right FMS ASLR score. Forty partici-

pants were randomized to the ASLR exercise group (n= 20) or the re-
verse-ASLR exercise group (n= 20). The Fisher exact test demonstrated 
a statistically significant difference (P= 0.020) in the proportion of those 
with FMS ASLR score improvement to a score of 2 (ASLR exercise group, 
one; reverse-ASLR exercise group, eight) at follow-up 1, but no signifi-
cance (P= 0.106) at follow-up 2 (ASLR exercise group, none; reverse- 
ASLR exercise group, four). This study indicated that the reverse-ASLR 
exercise was more effective than repeating the ASLR exercise in order 
to improve the ASLR score among individuals with the ASLR-1-SMCD.

Keywords: Corrective exercises, Functional Movement Screen, Re-
verse patterning

INTRODUCTION

Active straight leg raising (ASLR) is a common test for multi-
segmental control in the trunk and lower limbs (Bennett et al., 
2017) and is included in the Functional Movement Screen (FMS) 
(Cook, 2010). The FMS is a valid and reliable system for grading 
movement competency with 4 grades (score 0–3) in each of the 
seven screening tests (Moran et al., 2016; Warren et al., 2018). 
Briefly, scores of 1, 2, and 3 indicate impaired, normal, and good 
movement competencies in individuals without pain during the 
movement, respectively (Cook, 2010). The FMS ASLR scores of 
1–3 are determined based on the location of a vertical line 
through the malleolus of the elevated lower limb on the remain-
ing lower limb that stays still (score of 1, below the knee joint line 

of the remaining lower limb; score of 2, between the mid-thigh 
and the knee joint line of the remaining lower limb; and score of 
3, above the mid-thigh of the remaining lower limb). Moreover, 
individuals with the FMS ASLR score of 1 were divided into two 
subgroups: (a) those with limitations in both ASLR and passive 
straight leg raising and (b) those with limitation in the ASLR but 
not in the passive straight leg raising. An underlying mechanism 
of such a limited ASLR was assumed to be in deficits in structural 
flexibility in the former group and in stability or motor control 
dysfunction (SMCD) of the trunk and hip muscles in the latter 
group (ASLR-1-SMCD group) (Cook, 2010).

The FMS proposes corrective exercises to improve FMS scores 
(Cook, 2010). The corrective exercises are classified into four types, 
and one of them is the reverse patterning (Cook, 2010). In fact, 
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exercises using the reverse patterning have been included in a co-
hort study of athletes that showed FMS score improvement (Tejani 
et al., 2019). Conversely, physicians may prescribe patients and 
clients exercises which involve repeating the movement that they 
cannot conduct perfectly in order to improve the competency of 
the movement. As far as the authors know, direct evidence sup-
porting the effectiveness of the reverse patterning of the ASLR is 
lacking.

Furthermore, knowledge about the underlying mechanisms of 
the SMCD is limited. One promising mechanism includes im-
paired feedforward control, which is supported by a previous study 
showing the difference in relative latency of the onsets of the right 
internal oblique muscle and the left gluteus maximum muscle to 
the onset of the right rectus femoris muscle during the right ASLR 
between individuals with ASLR-1-SMCD and those with the FMS 
ASLR score of 3 (Takasaki et al., 2020). Another promising mech-
anism may include impaired sensorimotor control due to impaired 
proprioception with or without impaired motor control because 
plasticity in somatosensory function occurred with motor learning 
(Mirdamadi and Block, 2020; Ostry and Gribble, 2016; Ostry et 
al., 2010; Wong et al., 2011).

This randomized controlled trial primarily aimed to investigate 
whether the reverse patterning of the ASLR was more effective to 
improve the FMS score than the exercise by repeating the ASLR 
in individuals with the ASLR-1-SMCD. As the secondary aim, this 
study also preliminarily investigates differences in relative latency 
of the onset of the abdominal and hip muscles to the onset of the 
rectus femoris muscle during the ASLR and measures of the sen-
sorimotor control in the trunk and hip.

MATERIALS AND METHODS

Design
This study was a two-armed randomized controlled trial of 

1-month interventions: the reverse patterning of the ASLR (re-
verse-ASLR exercise) and the ASLR exercise.

Participants
Participants were recruited using convenience sampling through 

advertisements in the Saitama Prefectural University from July 
2018 to January 2019. Inclusion criteria were based on a previous 
study (Takasaki et al., 2020), which included (a) age of >17 years, 
(b) no pain in the spine or lower extremities during the previous 
month, (c) no history of diagnosed spinal deformities or central 
nervous system disorders, and (d) ASLR-1-SMCD on both sides of 

ASLR. The participants were selected by an author certified for 
FMS level 1 (HT).

The study methodology was approved by the human research 
ethics committee in the Saitama Prefectural University (No. 30006) 
and was preregistered in a clinical trial registration (UMIN0000- 
33277). A written informed consent was obtained from each par-
ticipant prior to data collection.

Interventions
Fig. 1 illustrates the procedures of the reverse-ASLR and ASLR 

exercises. In the reverse-ASLR exercise, the participants raised 
their lower limbs symmetrically as high as possible (up to 90° hip 
flexion), with extended knees extended as the starting position. 
Subsequently, the participants slowly lowered one lower limb to 0° 
hip flexion with their knee extended while the other lower limb 
stationary at the starting position. The participants were instruct-
ed to perform this movement for 3 sec in a normal breathing pat-
tern. Attention was given to holding the lower limb stationary 
while smoothly lowering the opposite lower limb. Finally, the 
participants bent the hip and knee of the lower limb and then ex-
tended the knee back to the starting position. In the ASLR exer-
cise, the start position was supine. The participants undertook 
ASLR as high as possible, reaching the end range in 3 sec in a 
normal breathing pattern. Attention was given to holding the 
lower limb stationary while smoothly raising the opposite lower 
limb. Finally, the participants bent the knee and extended the hip 
of the raised lower limbs to the starting position. The participants 
performed either the reverse-ASLR or the ASLR exercise on both 
sides at home for one month. A set of the exercise included 10 
repetitions of the movements, and the participants were asked to 
perform three sets of the exercise per day. The time of the exercise 
was not controlled. The participants were also asked to record the 
completion of each set in an exercise diary (Nishimoto and Taka-
saki, 2019; Takasaki et al., 2018). Each participant practiced the 
allocated exercise with real-time feedback from an author (HT) at 
the end of the baseline assessment and performed the home exer-
cise with reference to the exercise chart (Fig. 1).

The primary outcome measure
The primary outcome measure was the right FMS ASLR score 

as rated by an examiner certified for FMS levels 1–2 using a stan-
dardized instruction (Cook, 2010). The participants performed 
the right ASLR 3 times, and the highest score was recorded (Cook, 
2010). The examiner was blinded to the participant’s allocation to 
the interventions throughout the study.
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The secondary outcome measures
The measures of the feedforward control included the following: 

(a) relative latency of the onsets of the left rectus abdominis mus-
cle, bilateral internal oblique muscles, bilateral external oblique 
muscles, left gluteus maximum muscle, and left hamstring mus-
cles to the onset of the right rectus femoris muscle during the right 
ASLR and (b) amplitude of activity in the left rectus abdominis 
muscle, bilateral internal oblique muscles, bilateral external oblique 
muscles, left gluteus maximum muscle, and left hamstring mus-
cles at an early phase of the ASLR. Surface electromyography was 
used for both measures and the method of data collection and anal-
ysis were followed to the previous studies (Takasaki and Okubo, 
2020; Takasaki et al., 2020). The measures of the sensorimotor 
control included the following: (a) 2-point discrimination test over 
the lower back as a measure of proprioception and (b) active repo-

sitioning test of the right hip as a measure of proprioception with 
motor control.

Regarding the measures of relative latency, the electromyogra-
phy onset of each muscle was manually identified using raw elec-
tromyography signals, which has high inter-session reliability (Hodg-
es and Bui, 1996). To maintain assessor blinding, a research assis-
tant randomized the order of electromyography data presentation 
and masked the labels of electromyography data during analyses 
to the examiner. The examiner identified the electromyography 
onset using the following criteria: (a) increased electromyography 
amplitude above baseline levels, (b) recruitment of additional mo-
tor units, or (c) increased firing rate of active motor units. For the 
amplitude of muscle activity, the amplitude data during 50 ms 
after the onset of rectus femoris muscle activity were calculated. 
The mean of the first 10–15 datasets was used for statistical anal-

Fig. 1. Active straight leg raising (ASLR) and reverse-ASLR exercises. Exercises for the right side are presented. Time for lowering of the leg was about 3 sec in the 
reverse-ASLR exercise. Time for raising of the leg was about 3 sec in the ASLR group. ASLR, active straight leg raising.
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1 Loss to follow-up
   • 1 Discontinued intervention (due to difficulty of scheduling) 
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   • Intention-to-treat analysis for the primary outcomes
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   • Intention-to-treat analysis for the primary outcomes

19 Attended
0 Further loss to follow-up
   • 0 Discontinued intervention

19 Attended
1 Loss to follow-up 
   •  1 Discontinued intervention (due to an injury irrelevant to  

 the study)

20 ASLR exercise group
   • 20 Received allocated intervention

En
ro

lm
en

t
Ba

se
lin

e/
 

al
lo

ca
tio

n
Fo

llo
w

-u
p 

1
Fo

llo
w

-u
p 

2
An

al
ys

is



https://www.e-jer.org    31https://doi.org/10.12965/jer.2040866.433

Takasaki H and Kawazoe S  •  Reverse-ASLR exercises is superior to repeating ASLR exercises

yses of both secondary measures (Takasaki et al., 2020; Takasaki 
and Okubo, 2020).

For the sensorimotor control measures, the 2-point discrimina-
tion test was reported to have the greatest level of discriminant 
validity between individuals with and without low back pain among 
sensorimotor control measures (Ehrenbrusthoff et al., 2018). The 
2-point discrimination test is assumed to offer a clinical signature 
of primary somatosensory cortex representation (Lotze and Mose-
ley, 2007). The examiner was blinded to the assignment of the in-
terventions and data from prior examinations. This study followed 
an established procedure with high inter-session and inter-exam-
iner reliability (Ehrenbrusthoff et al., 2016). Briefly, participants 
were placed in a prone position with their backs exposed. The 
measurement tool was a plastic caliper ruler with a 1-mm preci-
sion for evaluation. The caliper ruler was lightly placed perpen-
dicular to the lumbar spine, and the center of the caliper ruler was 
on the transverse process of L5. The measurement side was random-
ized. Five datasets were collected, and the last four datasets were 
averaged for the analysis. Testing was conducted in an ascending 
manner by incrementing the caliper distance of 5 mm from 20 mm. 
The time between each increment was no more than a few seconds. 
Catch trials were also included every 3–7 measurement. The cali-
per distance where the participant first identified 2 points was 
noted. When the participant again identified 2 points with a cali-
per distance incremented by 5 mm, the result was recorded. More-
over, when the participant did not identify the stimulus as two 
separate points, the examiner continued the testing by increment-
ing the caliper distance until two consecutive correct identifica-
tions were identified by the participant.

Improved joint repositioning acuity has been reported in some 
randomized controlled trials including motor control training for 
individuals with spine disorders (Jull et al., 2007; Wattananon et 
al., 2019). Therefore, a measure of active joint repositioning acui-
ty of the hip with two inertial measurement unit sensors attached 
on the pelvis and the lateral thigh of the right lower limb was in-
cluded. The examiner was blinded to the assignment of the inter-
ventions and data from prior examinations. This study followed 
an established procedure with high inter-session reliability (Arvin 
et al., 2015). Briefly, participants were positioned in a one-leg 
standing position on their left leg on a 10-cm-high block with 
their right leg unsupported and aligned with the left leg. The 
participant was blindfolded and allowed to touch the bar beside 
them with both hands. First, the participants actively abducted 
their right hip with the knee straight to a target angle, 10°–40° 
abduction. The participants memorized the target angle for 4 sec 

and then returned to the start position and maintained the posi-
tion for 3 sec. Subsequently, the participant actively repositioned 
their right leg to the target position as accurate as possible within 
5 sec and pressed a button with their hand. Four datasets were 
collected, and absolute errors were averaged for the analysis.

The Japanese version of Euro QoL 5 Dimensions (EQ-5D) (Shi-
roiwa et al., 2016) was assessed for quality of life. Time for reach-
ing to 95% of the hip flexion range was also calculated from the 
two inertial measurement unit sensors during the evaluation of 
the electromyography measures with ASLR tasks. At the baseline 
assessment, data of demographics including age, sex, and body 
mass index were also evaluated.

Data acquisition procedures
After acquisition of the EQ-5D, the FMS score was assessed fol-

lowed by the 2-point discrimination test. Subsequently, the active 
joint repositioning acuity of the hip was assessed. The assessments 
with electromyography and motion analysis were then conducted 
by repeating the ASLR based on an established procedure (Taka-
saki and Okubo, 2020; Takasaki et al., 2020). Briefly, the partici-
pants placed their arms beside the trunk with palms facing up. 
The participants elevated their right lower limb to their end range 
during hip flexion for 1 sec immediately after they saw the light-
ing placed in front of their face from the relaxed supine lying po-
sition while keeping the knee straight. The timing of lighting 
was randomized, ranging from 10 sec to 15 sec. The participants 
repeated ASLR 17–23 times until at least 10 clear electromyogra-
phy datasets were obtained. Finally, three sets of maximum volun-
tary contraction (MVC) for 3 sec were conducted in each muscle 
according to the standard procedures, where the order of MVC 
was consistent throughout the study.

Electromyography data processing
Self-adhesive Ag/AgCl electrodes (electrocardiographic electrodes 

2009111-150, CareFusion, San Diego, CA, USA) were attached 
on standardized positions of the left rectus abdominis muscle, bi-
lateral internal oblique muscles, bilateral external oblique mus-
cles, left gluteus maximum muscle, right rectus femoris muscle, 
and left hamstring muscles with a 20-mm interelectrode distance 
(Takasaki and Okubo, 2020; Takasaki et al., 2020). For the ham-
string muscle, the electrode was placed parallel to the muscle in 
the center of the back of the thigh (Criswell, 2011).

Electromyography data were measured using a myoMUSCLEsys-
tem (TELEmyo DTS 580-8M, NORAXON USA, Scottsdale, AZ, 
USA) with a sampling frequency of 1,500 Hz. The amplitude of 
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muscle activity was calculated by reducing the electrocardiograph-
ic complex, filtering the electromyography data using a 20–500 Hz 
band-pass filter, and calculating the root mean square using a 100-
msec sliding window. The amplitude of electromyography data 
was presented with %MVC.

Motion data processing
Motion data were captured with the two inertial measurement 

unit sensors on the pelvis and the right thigh with a sampling fre-
quency of 100 Hz. Data were processed using myoMOTIONsys-
tem (EM-M07, NORAXON USA) that was synchronized in the 
electromyography system and an external trigger of a light.

Randomization
Randomization was performed using sealed opaque envelopes. 

Concealed allocation was maintained as patients selected an enve-
lope where the intervention group was written. Patients were asked 
not to reveal their intervention group to an examiner throughout 
the study.

Sample size estimation
Sample size estimation was performed in a pilot study with the 

first 20 participants (i.e., 10 participants in each group), which 
was recommended by Sandvik et al. (1996). In the pilot study, six 
participants in the reverse-ASLR exercise group (60%) and one 
participant in the ASLR exercise group (10%) had FMS score im-
provement to a score of 2 at follow-up 1. G*Power 3 (Faul et al., 
2007) estimated that 34 participants (i.e., 17 participants in each 
group) were required, considering α value of 0.05, β value of 0.2, 
and proportions of 0.6 and 0.1 in the Fisher exact test. Consider-
ing the 20% dropout, 40 patients (i.e., 20 participants in each 
group) were estimated in the formal study. The methodology did 
not change after the pilot study; thus, recruitment of additional 
20 participants was continued for the formal study.

Statistical analyses
IBM SPSS Statistics ver. 21.0 (IBM Co., Armonk, NY, USA) 

was used for statistical analyses. The intention-to-treat analysis 
was used for the primary outcomes, where a value at the baseline 
assessment was used at the follow-up assessments for the dropped-
out participants. The two-tailed Fisher exact test was used for the 
primary outcome measure at each follow-up, and the effect size of 
Cohen h was calculated, where the following interpretation was 
performed: 0.2, 0.5, and 0.8 for small, medium, and large effect 
size, respectively. For convenience, the two-way repeated measures 

analysis of variance (ANOVA) was used for the secondary mea-
sures of the EQ-5D, measures of the 2-point discrimination test, 
hip abduction active repositioning acuity, and electromyography, 
comparing the effects between the reverse-ASLR and the ASLR 
exercise group. Furthermore, an interaction effect was assessed for 
the measures of the 2-point discrimination test, hip abduction ac-
tive repositioning acuity, and electromyography between those 
with and without FMS ASLR score improvement at follow-up 1 
using the two-way repeated measures ANOVA with data at base-
line and follow-up 1. In order to confirm consistency of the ASLR 
tasks between groups and time points, time for reaching 95% of 
the hip flexion range was assessed using the repeated measures 
ANOVA at each group and the t-test between the groups at each 
time point. In order to confirm consistency of the exercise compli-
ance, the compliance converted into % was compared between the 
groups using the t-test. The level of α was set at 5%. For ANOVAs, 
the Greenhouse–Geisser correction was used when the Mauchly 
test of sphericity was statistically significant.

RESULTS

Results of the participants
Electromyography data of the hamstring muscle for one partici-

pant in the ASLR exercise group at follow-up 1 were missed due 
to a technical problem; thus, data imputation was performed with 
the patient’s baseline data. One participant in each group dropped-
out before follow-up 1 (Fig. 2). No adverse event was observed 
caused by participating in this study. Data imputation with base-
line data was performed for follow-ups 1 and 2 for measurement 
outcomes. Table 1 presents the demographics of each group.

The primary outcome
Regarding the primary outcomes, one participant in the ASLR 

exercise group had improvements of the FMS score to 2, and eight 
participants in the reverse-ASLR exercise group had improvements 
of the FMS score to 2 at follow-up 1. The two-tailed Fisher exact 
test demonstrated P=0.020 with h=1.12, indicating a large ef-
fect size. At follow-up 2, nobody in the ASLR exercise group had 
the FMS score of 2, and four out of the eight participants with the 
FMS score improvement at follow-up 1 maintained the FMS score 
of 2. The two-tailed Fisher exact test demonstrated P=0.106 with 
h=1.68, indicating a large effect size.

The secondary outcomes
Fig. 3 presents the relative latency in the reverse-ASLR exercise 
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group and the ASLR exercise group, where a statistically signifi-
cant interaction effect was not seen in any muscle (P>0.05). Fig. 4 
presents the amplitude of muscular activity at an early phase of 

ASLR in the reverse-ASLR exercise group and the ASLR exercise 
group, where a statistically significant interaction effect was not 
seen in any muscle (P>0.05). Table 2 presents data of the second-
ary outcomes at each time point except the secondary outcomes 
using the electromyography and time for reaching up to 95% of 
the hip flexion range. No variable was found with a statistically 
significant interaction effect (P>0.05).

As post hoc, changes in the measures of the 2-point discrimina-
tion test, hip abduction active repositioning acuity, and electro-
myography between baseline and follow-up 1 were also compared 
between individuals with and without FMS ASLR score improve-
ment at follow-up 1 using the t-test. Table 3 presents the interac-

Fig. 2. Flow of the participants. ASLR, active straight leg raising.

Reverse-ASLR exercise

ASLR exercise Start position

Start position

Table 1. Demographics of the two groups

Variable ASLR exercise group 
(n= 20)

Reverse-ASLR exercise 
group (n= 20)

Age (yr) 21.95± 4.90 23.60± 6.89
Gender, male:female (n)    8:12 12:8
Body mass index (kg/m2) 21.83± 2.45 21.53± 2.76

Values are presented as mean± standard deviation or number.
ASLR, active straight leg raising.
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Fig. 3. Relative latency of the onset of muscles to the onset of the right rectus femoris muscle during right active straight leg raising. The 3-time points on the x-axis 
represent baseline, follow-up 1, and follow-up 2. The y-axis represents the relative latency (msec) of the onset of each muscle to the onset of the right rectus femoris 
muscle during right active straight leg raising (ASLR). The positive value indicates delayed onset of the muscle to the onset of the right rectus femoris muscle during 
right ASLR. The negative value indicates earlier onset of the muscle to the onset of the right rectus femoris muscle during right ASLR. Means with error bars of stan-
dard deviation are presented. The P-value of the interaction effect is presented in each muscle. ASLR, active straight leg raising; RA, rectus abdominis; EO, external 
oblique; IO, internal oblique; GM, gluteus maximus.
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Fig. 4. Amplitude of activity in the abdominal and hip muscles for 50 msec after the onset of the right rectus femoris muscle activity during right active strait leg rais-
ing. The 3-time points on the x-axis represent baseline, follow-up 1, and follow-up 2. The y-axis represent the root mean square values in the % maximum voluntary 
contraction during the 50 msec after the onset of the right rectus femoris muscle in right ASLR. The greater value indicates the greater amplitude of muscle activity 
at the early phase of the in right ASLR. Means with error bars of standard deviation are presented. The P-value of the interaction effect is presented in each muscle. 
ASLR, active straight leg raising; RA, rectus abdominis; EO, external oblique; IO, internal oblique; GM, gluteus maximus.
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Table 2. Data of secondary outcomes at each time point except the secondary 
outcomes using the electromyography and time for reaching 95% of the hip 
flexion range

Variable Baseline Follow-up 1 Follow-up 2 P-value

Two-point discrimination testa) (mm) 0.336
   ASLR 50.36± 13.23 48.31± 10.45 48.19± 10.89
   Reverse-ASLR 47.75± 11.81 48.75± 10.24 51.94± 14.24
Hip abduction repositioning acuity (°)a) 0.428
   ASLR 4.83± 3.11 5.42± 4.39 5.62± 3.64
   Reverse-ASLR 4.96± 3.07 4.38± 4.52 6.05± 4.47
Euro QoL 5 Dimensionsb) (0–1) 0.409
   ASLR 0.98± 0.06 0.98± 0.06 1.00± 0
   Reverse-ASLR 1.00± 0 0.99± 0.04 1.00± 0

Values are presented as mean± standard deviation.
Positive values indicate delayed onset from the onset of rectus femoris muscle.
ASLR, active straight leg raising.
a)Intention-to-treat analysis, n= 20 in each group at all time points with imputation 
of baseline data for missing data. b)Per-protocol analysis, n= 20 in each group at 
baseline and n= 19 in each group at follow-up 1 and follow-up 2.

Table 3. Data of secondary outcomes at baseline and follow-up 1 except the EQ-5D and time for reaching 95% of the hip flexion range in individuals with and with-
out FMS ASLR score improvement to a score of 2 at follow-up 1

Variable
No improvement (n= 31) Improvement (n= 9)

P-value
Baseline Follow-up 1 Baseline Follow-up 1

Relative latency of left RA (msec) 75.47± 49.51 72.32± 44.87 50.83± 41.19 91.57± 70.08 0.025
Relative latency of left EO (msec) 35.49± 51.54 31.06± 39.90 10.11± 17.56 37.08± 43.49 0.215
Relative latency of right EO (msec) 47.55± 42.72 47.61± 36.77 28.31± 18.79 39.92± 38.73 0.442
Relative latency of left IO (msec) 47.64± 35.39 39.70± 38.11 14.16± 12.64 27.44± 50.09 0.209
Relative latency of right IO (msec) 1.37± 22.37 2.86± 16.67 -15.44± 13.79 1.73± 18.61 0.026
Relative latency of left GM (msec) 69.97± 51.24 78.47± 57.32 28.94± 22.30 53.67± 65.77 0.451
Relative latency of left hamstring (msec) -21.06± 67.74 -22.60± 47.24 -68.27± 68.93 -1.29± 35.78 0.016
Amplitude of activity in left RA (%MVC) 2.67± 2.28 2.47± 1.69 2.13± 0.80 1.61± 0.98 0.724
Amplitude of activity in left EO (% MVC) 4.85± 4.17 3.92± 2.30 4.04± 3.04 4.55± 3.44 0.320
Amplitude of activity in right EO (%MVC) 2.97± 2.09 3.33± 2.28 3.27± 2.55 3.02± 2.77 0.453
Amplitude of activity in left IO (%MVC) 2.75± 2.50 2.07± 1.11 2.26± 1.27 6.33± 8.72 0.009
Amplitude of activity in right IO (%MVC) 14.17± 13.22 11.18± 7.60 20.83± 13.64 12.73± 9.79 0.290
Amplitude of activity in left GM (%MVC) 3.01± 3.00 2.19± 1.62 4.87± 3.86 2.55± 1.90 0.188
Amplitude of activity in left hamstring (%MVC) 19.16± 15.76 18.73± 10.13 30.12± 18.84 23.64± 10.52 0.302
Two-point discrimination test (mm) 50.11± 11.65 48.75± 9.39 45.42± 13.67 47.78± 12.16 0.468
Hip abduction repositioning acuity (°) 4.39± 2.76 4.78± 4.33 6.65± 3.16 5.30± 4.51 0.269

Values are presented as mean± standard deviation.
EQ-5D, Euro QoL 5 Dimensions; FMS, Functional Movement Screen; ASLR, active straight leg raising; RA, rectus abdominis; EO, external oblique; IO, internal oblique; GM, glu-
teus maximus; MVC, maximum voluntary contraction.

Table 4. Changes from measures at baseline to measures at follow-up 1 in 
participants with and without FMS ASLR score improvement to a score of 2 at 
follow-up 1

Variable No improvement 
(n= 31)

Improvement 
(n= 9) P-value

Relative latency of left RA (msec) -3.15± 41.95 40.74± 66.44 0.025
Relative latency of left EO (msec) -4.44± 42.15 26.97± 57.33 0.087
Relative latency of right EO (msec) 0.06± 38.75 11.61± 38.19 0.446
Relative latency of left IO (msec) -7.93± 38.25 13.28± 55.43 0.209
Relative latency of right IO (msec) 1.49± 17.13 17.17± 18.42 0.026
Relative latency of left GM (msec) 8.50± 55.29 24.73± 53.38 0.451
Relative latency of left hamstring (msec) -1.54± 69.98 66.98± 70.07 0.016
Amplitude of activity in left RA (%MVC) -0.19± 2.60 -0.52± 1.15 0.724
Amplitude of activity in left EO (% MVC) -0.92± 3.65 0.52± 3.73 0.320
Amplitude of activity in right EO (%MVC) 0.35± 2.16 -0.25± 1.49 0.453
Amplitude of activity in left IO (%MVC) -0.69± 2.77 4.07± 7.79 0.126
Amplitude of activity in right IO (%MVC) -3.00± 10.31 -8.10± 17.26 0.444
Amplitude of activity in left GM (%MVC) -0.82± 3.01 -2.31± 2.33 0.188
Amplitude of activity in left hamstring 

(%MVC)
-0.43± 12.11 -6.48± 21.84 0.302

Two-point discrimination test (mm) -1.36± 12.53 2.36± 14.85 0.468
Hip abduction repositioning acuity (°) 0.40± 4.07 -1.36± 3.86 0.269

Values are presented as mean± standard deviation.
ASLR, active straight leg raising; FMS, Functional Movement Screen; RA, rectus 
abdominis; EO, external oblique; IO, internal oblique; GM, gluteus maximus; MVC, 
maximum voluntary contraction.

tion effects for the measures of the 2-point discrimination test, hip 
abduction active repositioning acuity, and electromyography be-
tween those with and without FMS ASLR score improvement at 
follow-up 1. Statistically significant interaction effect was detect-
ed in the relative latency of the left rectus abdominis muscle, right 



https://doi.org/10.12965/jer.2040866.433

Takasaki H and Kawazoe S  •  Reverse-ASLR exercises is superior to repeating ASLR exercises

36    https://www.e-jer.org

Table 5. Data of time for reaching 95% of the hip flexion range

Group Baseline Follow-up 1 Follow-up 2 P-value in the repeated 
measures ANOVA

ASLR 0.78± 0.20 0.75± 0.14 0.74± 0.14 0.510
Reverse-ASLR 0.67± 0.15 0.71± 0.15 0.76± 0.18 0.080
P-value in the t-test 0.052 0.406 0.745

Values are presented as mean± standard deviation in sec.
ANOVA, analysis of variance; ASLR, active straight leg raising.
Per-protocol analysis was undertaken: n= 20 in each group at baseline and n= 19 in 
each group at follow-up 1 and follow-up 2.

internal oblique muscle, and left hamstring and the amplitude of 
the left internal oblique muscle. Table 4 presents changes in the 
measures of the 2-point discrimination test, hip abduction active 
repositioning acuity, and electromyography at baseline and fol-
low-up 1 between individuals with and without FMS ASLR score 
improvement. Greater delays in the relative latency of the left rec-
tus abdominis muscle, right internal oblique muscle, and left 
hamstring muscles were seen in the participants with FMS ASLR 
score improvement than the participants without it.

Table 5 presents time for reaching 95% of the hip flexion range 
in each group at each time point. No statistical difference was 
found neither between the groups at each time point nor between 
time points in each group (P>0.05). Regarding the exercise com-
pliance at follow-up 1, no statistically significant difference (P= 
0.829) was found between the ASLR exercise group (mean±stan-
dard deviation, 95.49%±7.88%) and the reverse-ASLR exercise 
group (96.01%±6.75%).

DISCUSSION

The primary outcome
In the primary outcome, the reverse-ASLR exercise group had 

statistically significant improvements of the FMS ASLR score to 2, 
which is more than that of the ASLR exercise group. To the best 
of our knowledge, this is the first randomized controlled trial 
showing the effectiveness of the reverse patterning in exercise pre-
scription to improve FMS scores. However, only 40% of the par-
ticipants improved the FMS ASLR score to 2 with the reverse- 
ASLR exercise in 1 month. Furthermore, only half of the partici-
pants with FMS score improvement at follow-up 1 maintained 
the FMS score of 2 at follow-up 2. These findings indicate that 
further research is required to identify the optimal regime of exer-
cise to not only improve but also maintain the FMS score.

The secondary outcomes
Considering differences between individuals with the ASLR-1-

SMCD and with the FMS ASLR score of 3, a hypothesis was for-
mulated stating that the reduction of the relative latency of the 
onset of the right internal oblique muscle and left gluteus maxi-
mum muscle would be seen in those who had FMS ASLR score 
improvement (Takasaki et al., 2020). The current study was not 
designed to robustly investigate the hypothesis, and the findings 
can be based on the underpowered study design. However, inter-
action indicating the reduction of the relative latency of the onset 
of the right internal oblique muscle and left gluteus maximum 
muscle was not observed between the reverse-ASLR and the ASLR 
exercise groups and between individuals with and without FMS 
ASLR score improvement at follow-up 1. Furthermore, among 
the interaction effect analyses and changes between pre–post in-
tervention between individuals with and without FMS ASLR 
score improvement at follow-up 1, findings of increased delays of 
the relative latency of the left rectus abdominis muscle and left 
hamstring muscles were consistent. A previous study (Takasaki 
and Okubo, 2020) demonstrated that those with ASLR-1-SMCD 
had further delay in the left rectus abdominis muscle during the 
same ASLR task with activation of the deep neck flexor muscles 
and indicated a potential inclusion of the deep neck flexor mus-
cles’ activation to corrective exercise. This indication may be sup-
ported by the current finding that further delay in the relative la-
tency of the left rectus abdominis muscle may occur in those who 
had FMS ASLR score improvement to a score of 2. However, the 
delay of the relative latency in the left rectus abdominis muscle 
would not be a primary underlying mechanisms for the improve-
ment of the ASLR competency because such a statistically signifi-
cant difference was not seen between those with ASLR-1-SMCD 
and those with FMS ASLR score of 3 in a previous study (Takasaki 
et al., 2020). Rather, the delay in the relative latency of the left 
hamstring muscle in those who had FMS ASLR score improve-
ment may provide a new hypothesis that extensor muscles in par-
ticular global muscles may play important roles as underlying 
mechanisms for the improvement of the ASLR competency. Thus, 
further studies focusing on the extensor muscles are required.

Additionally, this study preliminarily investigated the effect of 
the exercises on sensorimotor control measures, including the 
two-point discrimination test and the active repositioning test of 
the right hip in the secondary outcomes. Neither interaction nor 
changes in the post hoc analysis were observed. Like the relative la-
tency, while the results of the secondary outcomes can be based on 
the underpowered study design, these findings indicate that the 



https://www.e-jer.org    37https://doi.org/10.12965/jer.2040866.433

Takasaki H and Kawazoe S  •  Reverse-ASLR exercises is superior to repeating ASLR exercises

reverse-ASLR and the ASLR exercises are not promising exercise 
regimes and specific exercises are required to change the sensorim-
otor control measures.

Limitations
This study had two potential limitations. First, this randomized 

controlled trial used convenience sampling, and the participants 
were young, limiting generalizability of the findings. Second is 
associated with the limited abdominal muscles assessed using the 
electromyography, which is simply due to a technical limitation. 
Comprehensive evaluation of the abdominal muscles will be re-
quired to identify key motor control impairments among individ-
uals with ASLR-1-SMCD, including using a fine-wire electromy-
ography for the transversus abdominis muscle. However, a cross-talk 
was present between the internal oblique muscle and the transver-
sus abdominis muscle on the surface electromyography (McGill et 
al., 1996), and findings in the relative latency of the internal oblique 
muscles were inconsistent among the analyses by categorizing those 
with and without FMS ASLR score improvement at follow-up 1 
and the analysis comparing those with ASLR-1-SMCD and those 
with FMS ASLR score of 3 in a previous study (Takasaki et al., 
2020). Therefore, the transversus abdominis muscle is believed to 
be the muscle of less priority to further investigate as underlying 
mechanisms for the improvement of the FMS ASLR score.

In conclusion, the results of the primary outcome of this study 
indicated that the reverse-ASLR exercise was more effective than 
the repeating ASLR exercise in improving the FMS ASLR score 
among individuals with ASLR-1-SMCD. This study provided a 
foundation for future studies to identify an ideal corrective exer-
cise to improve the ASLR score among individuals with ASLR-1-
SMCD and underlying mechanisms of the ASLR-1-SMCD.
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