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The present study aimed to investigate lumbar multifidus (LM) thickness
and perceived exertion during graded superman exercises (GSE) or
GSE with an abdominal drawing-in maneuver (GSE-AD) in young adults.
Twelve young adult males and females, who were informed of the pur-
pose and procedures of this study and then gave their voluntary con-
sent to participate, were included in this study. All subjects randomly
performed three GSE and GSE-AD over 3 days. Ultrasonography was
used to measure the LM thickness to the left and right of the L5 region.
Additionally, the issue of whole-body fatigue felt by the subject while
performing the GSE or GSE-AD was measured using the Borg scale.
The intrarater reliability of the LM measurement was found to be intra-
class correlation coefficient (ICC[3,1])=0.97 (0.87-0.99) at resting and

INTRODUCTION

The lumbar multifidus (LM) is one of the primary stabilizing
muscles of the lumbar spine. LM dysfunction is closely related to
low back pain (LBP) (MacDonald et al., 2009). Recent studies
have suggested that LM atrophy is more closely related to chronic
back pain than to recurrent or acute back pain (Goubert et al.,
2016). In particular, the LM exhibits activity impairment at L5
compared with the muscle at L2—4 due to frequent lumbar insta-
bility around the corresponding segment (Wallwork et al., 2009;
Wilke et al., 1995).

Because natural recovery from LM atrophy and dysfunction is
rare, these conditions, combined with other factors, are likely to

ICC(3,1)=0.94 (0.78-0.99) at contraction. Both the left and right LM
showed significantly higher contraction during the grade 3 GSE (P<
0.05). The whole-body fatigue was significantly greater following GSE 2
and 3 than following GSE-AD 2 and 3 (P<0.05). In particular, GSE-AD
had a significantly lower Borg score compared to GSE (P<0.05) and did
not show any significant difference in muscle thickness (P>0.05). It is
recommended that the abdominal drawing-in maneuver be applied with
grade 3 GSE to enhance stability and reduce spinal fatigue.

Keywords: Superman exercise, Lumbar multifidus, Ultrasonography,
Abdominal drawing-in maneuver

cause recurrence of LBP (Hides et al., 1996). Therefore, LM train-
ing is an important part of clinical therapy (Freeman et al., 2010).
Various exercises, including the abdominal drawing-in maneuver
(ADIM), bird dog, bridge, and superman are recommended for
increasing LM activity; these lumbar stabilization exercises are ef-
fective not only in reducing the recurrence of LBP but also in re-
storing the function of the LM (Hides et al., 2001; Kim et al.,
2016).

Few studies have succeeded in demonstrating the effect of grad-
ed superman exercises (GSE) for the treatment of LM dysfunction,
and those that have analyzed the effect employed surface electro-
myography (EMG) to measure LM activity (Ekstrom et al., 2008,;
Kim et al., 2016). Measurement of LM by surface EMG is limit-
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ed, and ultrasound imaging is recommended as an evaluation tool
instead, as it is suitable for static and dynamic morphometric re-
search (Wong et al., 2013).

Additionally, information related to the level of performance
difficulty is needed because GSE contains many dynamic ele-
ments. In particular, stability of the spine is essential when raising
the arms and legs together. As lordotic curvature of the lumbar
spine increases, LM activity may increase, but excessive lordotic
curvature can be painful. Aggravation of pain may cause altered
motor control in people with LBP (van Dieén et al., 2003). Previ-
ous studies have found that combining an ADIM with the exer-
cise in the prone position had positive effects such as reducing lor-
dotic curvature and increasing muscle activity (Kim et al., 2014;
Park et al., 2011). Therefore, the present study aimed to investi-
gate LM thickness and perceived exertion during GSE with or
without an ADIM in young adults.

MATERIALS AND METHODS

Subjects

Twelve young adult males and females, who were informed of
the purpose and procedures of this study and then gave their vol-
untary consent to participate, were included in this study. The se-
lection criteria for this study were as follows: those who have not
expetienced LBP within the past six months, those who were able
to petform the exercise for this study, those with a body mass in-
dex (BMI) of >30 kg/m’, and those who had no other physical
defects. The procedures of this study were approved by the Re-
search Ethics Committee of the Kaya University (approval num-
ber: 20180217).

Ultrasonography

For the ultrasonography, a 2.5-6 MHz curved probe (Prosound
2, Hitachi Aloka Medical, Tokyo, Japan) was used to measure the
LM thickness to the left and right of the L5 region. The subject
assumed a prone position on the table and was supported by a pil-

low under the belly to keep the lumbar spine flat. The LM thick-
ness was measured in a resting state while the lumbosacral junc-
tion angle was kept at 10° or lower (Lariviére et al., 2018).

Graded superman exercises

Before the experiment started, a 20-min education session on
the exercise was provided, followed by a 10-min rest. The GSE
grades were performed as follows (Fig. 1). For GSE 1, the arms
were spread at 150° in the starting position, raised as high as pos-
sible from the ground, and then lowered. For GSE 2, the legs
were spread at 30° in the starting position, raised as high as possi-
ble from the ground, and then lowered. For GSE 3, both arms and
both legs were raised at the same time in the same matter as de-
scribed above.

Abdominal drawing-in maneuver

All the subjects learned the ADIM using a pressure biofeedback
unit (PBU TN37343; Chattanooga Group, Inc., Hixson, TN,
USA). First, subjects were instructed to take a prone position with
their arms by their sides and head in the midline. Then, the PBU
was placed under the abdomen centered on the navel and with the
distal edges of the pad in line with the right and left anterior su-
perior iliac spines. Next, the bulb was inflated to a pressure of 70
mmHg, and subjects were instructed to reduce the pressure to
4-10 mmHg by drawing in the abdomen without spinal or pel-
vic movements and without bulging of the abdomen (Kahlaee et
al,, 2017).

Procedures

The subjects then performed the GSE or GSE with ADIM
(GSE-AD). Variations on the GSE and GSE-AD were performed
in random order, with only one exercise performed per day to rule
out the effects of the previous exercise. The exercises were conduct-
ed over 3 days. A 5-min rest was given after each exercise, and the
mean value of three measurements was used for the analysis.

To normalize the change in LM thickness, the following equa-

Fig. 1. Graded superman exercises (GSE): (A) GSE 1: subjects lifted both arms, (B) GSE 2: subjects lifted both legs, (C) GSE 3: subjects lifted both arms and legs.
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tion was used (Kiesel et al., 2007): LM = (LM thickness at contrac-
tion — LM thickness at rest)/LM thickness at rest x 100. Addition-
ally, the issue of whole-body fatigue felt by the subject while per-
forming the GSE or GSE-AD was measured using the Borg scale
(Borg CR-10) (Borg, 1990).

Statistical analysis

The intra-rater reliability of the ultrasound measurement was
determined by the intraclass correlation coefficient (ICC[3,1]). A
Friedman test was used to analyze changes in LM thickness and
results of the perceived exertion scale for the GSE. The Wilcoxon
signed-rank test was used to analyze the differences among the
GSE levels, and the Mann—Whitney test was used to compare the
LM thickness and the Borg value between GSE and GSE-AD.
The measurement data were analyzed using IBM SPSS ver. 18.0
(IBM Co., Armonk, NY, USA), and the significance level was set
at a=0.05.

RESULTS

The mean age, height, weight, and BMI of the subjects were
24.58+1.88 years, 165.77%£9.50 cm, 62.07+13.46 kg, and
22.35+2.92 kg/m’, respectively. The intrarater reliability for the
LM measurement was ICC(3,1)=0.97 (0.87-0.99) at rest and
ICC(3,1)=0.94 (0.78-0.99) with contraction. The left and right
LM contractions during the GSE showed significant differences
(Table 1). Both the left and right LM showed significantly higher
contraction during the grade 3 GSE. The whole-body fatigue was
significantly greater following GSE 2 and 3 than following GSE-

Table 1. Comparison of lumbar multifidus thickness and perceived exertion
during graded superman exercises with or without an abdominal drawing-in
maneuver (n=12)

Variable Grade 1 Grade 2 Grade 3
GSE
Left LM (%)* 11.67+5.92° 16.19+4.27° 34.29+383
Right LM (%)* 13.28+566° 1897+7.19 34.79+5.30°
Borg scores™ 2.00+1.04 317134 4.67+1.56°
GSECA
Left LM (%)* 11.64+558 16.17+6.42° 3346+5.14°
Right LM (%)* 12.85+6.30° 1851+851° 34.30+£4.25°
Borg scores™ 1.58+0.67 2.00£0.74 333+123

Values are presented as mean + standard deviation.

GSE, graded superman exercises, GSE-AD, graded superman exercises with an ab-
dominal drawing-in maneuver, LM, lumbar multifidus,

The values with different superscripts (%) in the same column are significantly dif-
ferent (P<0.05). *P<0.05, statistically significant.
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AD 2 and 3 (Table 2).

DISCUSSION

LM atrophy and abnormalities in the ability to control move-
ment, such as altered patterns of LM recruitment, are observed in
patients with LBP (Danneels et al., 2002; MacDonald et al.,
2009). In a previous study, patients with LBP were pain free after
4 weeks of medical treatment or motor control exercise treatment,
but normal LM symmetry was recovered only in patients who re-
ceived motor control exercise treatment for 4-10 weeks (Hides et
al., 1996). In clinical practice, various lumbar stabilization exer-
cises have been applied to treat LM dysfunction. Most electro-
myographic studies have reported that the superman exercise is
effective in activating LM (Ekstrom et al., 2008; Oliver et al.,
2010). However, few ultrasonographic studies have investigated
the effects of GSE on the LM, and few have identified the effect of
GSECA for increasing the stability of the spine. It was to investi-
gate these factors that the present study was conducted.

In this study, grade 3 GSE resulted in significantly higher left
and right LM contraction than did grades 1 and 2. This supports
the results of previous research showing that the activity of the
LM was highest in the posture of lifting both arms and legs while
performing GSE (Kim et al., 2016). However, direct comparison
is limited because the previous research did not include GSE
grades 1 and 2, i.e., GSE using only arms or only legs. In the pres-
ent study, grade 3 was performed following the recommendation

Table 2. Comparison of lumbar multifidus thickness and perceived exertion
between two interventions

Variable GSE GSE-AD VA 2
Grade 1
Left LM (%) 11674592 11.64+558 023 0.84
Right LM (%) 13.28+5.66 12.85+6.30 -0.35 0.73
Borg scores 2.00+1.04 1.58+0.67 093 0.41
Grade 2
Left LM (%) 16.19+4.27 16.17 £6.42 023 0.84
Right LM (%) 1897+7.19 18.51+851 -0.06 0.98
Borg scores™ 317134 200+0.74 2.30 0.03
Grade 3
Left LM (%) 3429+383 3346+5.14 081 0.93
Right LM (%) 34.79+5.30 34.30+4.25 0.12 0.44

Borg scores™ 4.67+1.56 333+£1.23 223 0.03

Values are presented as mean + standard deviation.

GSE, graded superman exercises, GSE-AD, graded superman exercises with an ab-
dominal drawing-in maneuver, LM, lumbar multifidus.

*P<0.05, statistically significant.
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that exercising using both arms and legs could increase the de-
mand on the trunk muscles. Based on the results of the present
study, grade 1 is recommended as the first step for recovery of LM
function following acute dysfunction, as its performance difficulty
and LM contraction were lowest compared with the other grades.
Then, it is recommended to proceed to grade 2, followed by grade
3. This positional change is effective in eliciting better treatment
compliance when sustained motivation and positive perception of
exercise are required for both the therapist and the client (Ben
Salah Frih et al., 2009).

In previous EMG studies, the superman exercise (GSE 3) lifting
both arms and legs showed the highest peak amplitude of LM ac-
tivity compared with other back extension exercises (Kim et al.,
2016), with an activity as high as 61%-77% of the maximum
voluntary contraction (% MVIC) of LM (Ekstrom et al., 2008;
Oliver et al., 2010). In the present study, the left and right LM
thickness in grade 3 was 18.1%—-22.62% and 15.82%-21.51%
higher than those of grades 1 and grade 2, respectively, and the
change in the left and right LM thickness was very large (over
33%). It is difficult to directly compare the results of the EMG
studies with the results of the present study, but considering that
the change in muscle thickness is an indicator of muscle activity
(Djordjevic et al., 2015), it can be concluded that grade 3 can be
specifically used for inducing changes in LM thickness and activi-
ty. Furthermore, these results suggest that the use of both arms
and legs at the same time enhanced the movement, eliciting the
maximal LM activity. This seems to have contributed to the ele-
vated difficulty of performance. In this way, grade 3 causes high
LM muscle contraction and a high level of performance difficulty.
However, GSE-AD had a significantly lower Borg score compared
to GSE and did not show any significant difference in muscle
thickness. This is because the application of ADIM reduced the
lordotic curvature, resulting in reduced fatigue levels.

It is recommended that the GSE be performed as motor control
training of the LM or core muscle training and conditioning in
athletes after initial rehabilitation, when pain is well controlled,
rather than during initial rehabilitation in patients with LBP. In
particular, care should be taken with LBP patients’ safety during
grade 3. It is recommended that the ADIM be applied with grade
3 GSE to enhance stability and reduce spinal fatigue. Further re-
search on the effects of GSE and GSE-AD in patients with LBP is
needed in the future.

One limitation of this study is the absence of data on the activi-
ty or thickness of surrounding muscles such as the erector spinae
and gluteal muscles, which made impossible to assess compensa-
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tory activity in the surrounding muscles during the GSE perfor-
mance. Therefore, future study is needed to examine the correla-
tion between LM activity and compensatory activity of surround-
ing muscles during GSE.
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