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[Purpose] This study compared the activity of trunk and hip muscles during different degrees of lum-

bar and hip extension. [Subjects] The study enrolled 18 participants. [Methods] Two exercises (hip and lumbar
extension) and two ranges (180° and <180°) were studied. [Results] Differences in degree of extension affected the
percentage maximal voluntary isometric contraction of the lumbar erector spinae and biceps femoris muscles, with
significantly higher average values at >180° than at 180° lumbar extension. No significant differences were found
in gluteus maximus activity according to exercise type or range. [Conclusion] Hip extension may be more effective

and safer for lumbar rehabilitation than lumbar extension.
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INTRODUCTION

As an intervention, isolated lumbar exercises significantly
reduce pain, and there is a relationship between improvement
in lumbar extension strength and disability"). Therefore, lum-
bar and hip extension exercises have been recommended for
programs aimed at prevention and rehabilitation of low back
pain (LBP)% ). One study investigated lumbar spine load-
ing and muscle activity during six extensor exercises using
electromyography (EMG) and the Isotrak position-tracking
system*. Trunk extension involving lumbar hyperextension
resulted in greater shear force on the lumbar joints and was
considered unwise for rehabilitation. Lumbar extension
activates the thoracic and lumbar muscles, whereas hip
extension activates the lumbar muscles®. However, lumbar
hyperextension frequently occurs during overhead work and
during squats while weightlifting, with athletes significantly
hyperextending the lumbar spine at heavier weights® 7).
When patients with LBP performed exercises that included
lumbar hyperextension, there was a significant decrease in
LBP and improved flexibility of the spine”. A few studies
have objectively quantified the changes in muscle activity,
comparing prone lumbar hyperextension with hip hyper-
extension. Therefore, this study compared trunk and hip
muscles activity during lumbar and hip extension at different
degrees of extension.
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SUBJECTS AND METHODS

Eighteen healthy males (23.3 £ 1.8 years, weight 74.2
+ 7.2 kg, height 177.4 = 5.3 cm) participated in the study.
All participants gave written informed consent according
to the protocol approved by the Inje University Faculty of
Health Science Human Ethics Committee. The surface EMG
data were collected using a Trigno wireless system (Delsys,
Boston, MA). Three surface electrodes were attached over
the lumbar erector spinae (LES) at the third lumbar verte-
bra, gluteus maximus (GM), and biceps femoris (BF). The
subjects performed four exercises: lumbar extension (LE);
lumbar extension at >180° (LE over 180); hip extension
(HE); and hip extension at >180° (HE over 180). For LE,
the subjects performed the Sorenson test at the end of a
table (isometric). Then, the subjects were placed prone on
the table with the anterior-superior iliac spine (ASIS) at the
edge of table. Their ankles and knees were fixed using a
non-elastic belt, and a bar indicator was used to maintain
the exact posture. For LE over 180, the subjects were asked
to maintain maximum comfortable lumbar extension on the
floor, with their ankles and knees fastened by a non-elastic
belt. For HE, which was the reverse of the LE condition, the
subject were asked to put their upper body on the table with
the ASIS at the edge of table and to lift both legs with the
knee at 180° extension. For the >180° HE, the subjects were
asked to maintain maximum hip extension while lying on
the floor with a non-elastic belt placed around the scapular
spines. Each subject performed two trials of each exercise
at maximal voluntary isometric contraction (MVIC) against
manual resistance, in accordance with previous reports’).
The normalized values for LES, GM, and BF activity are
presented as the percentage MVIC (%MVIC). Differences
in the %MVIC of the muscles were evaluated using SPSS
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ver. 18.0 (SPSS, Chicago, IL, USA). Two-way repeated-
measures analysis of variance (ANOVA) was performed to
evaluate differences in the %MVIC, with type and degree of
extension as factors. For pairwise multiple comparison, the
Bonferroni correction was performed to identify differences.
The level of significance was set at p < 0.05.

RESULTS

The average %MVIC for the LES and BF was signifi-
cantly (p < 0.05) higher during lumbar extension at >180°
than at 180°. There were no significant differences in GM
activity according to range and no significant differences in
LES, GM, and BF muscle activity during LE vs. HE (p >
0.05) (Table 1).

DISCUSSION

About 60% of the weight of the human body is in the
head, upper trunk, and upper limbs, and about 40% is in the
lower trunk and limbs®. Consequently, HE and LE involve
substantially different loads and degrees of muscle effort.
The distribution of human weight imposes a greater load
during lumbar extension than during hip extension exercises,
exerting greater anteroposterior shear forces and requiring
greater effort. Yet, despite the greater load during the lumbar
extension trials, the activity of the LES, GM, and BF muscles
did not differ significantly between the LE and HE condi-
tions, although on average, the activity of all three muscles
was higher during HE. Therefore, we postulate that HE is a
more effective exercise for strengthening and rehabilitating
the LES, GM, and BF. Our results showed that significantly
more LES and BF muscle fibers were recruited in the >180°
condition. Although lumbar hyperextension exercises have
been shown to involve excessive compression and shear
forces that may lead to LBP, those studies also showed
that the anteroposterior shear forces were significantly
higher at 180° than at >180° LE* 9. We think that greater
co-contraction of the LES, GM, and BF may reduce exces-
sive compression and shear forces, supporting the previous
studies® ). One study reported that cervical hyperextension
lead to significantly increased range of motion and reduced

Table 1. Comparison of muscles activities in 4 exercises

%MVC (Mean+SD)
Range in 180°

Range over 180°

Muscle
Lumbar Hip Lumbar Hip
extension extension extension xtension
LES 66.8+11.5 77.6+13.2  80.0+£10.2*  79.2+13.1
GM 53.5428.9  62.3+27.1 71.4+£35.5 56.5+20.2
BF 85.9+53.8 109.5+78.6 123.7481.2* 104.3£75.1
*p<0.05

pain”). Although spine range of motion is a major factor in
LBP, our results suggest that lumbar exercises at >180° may
prevent injury during lumbar hyperextension.
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