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Abstract. [Purpose] This study examined the selective electromyographic activity of the lumbar paraspinal mus-
cles in healthy male and female subjects in the prone trunk extension (PTE) and four-point kneeling arm and leg 
lift (FPKAL) exercises to determine the most beneficial exercise for selective activation of the lumbar multifidus 
(LM). [Subjects and Methods] Twenty healthy male and female subjects participated in this study. Surface electro-
myographic data were collected from the left-side lumbar erector spinae (LES) and LM muscles during PTE and 
FPKAL exercises. [Results] The LM/LES ratio related to selective activation of the lumbar paraspinal muscles dur-
ing the FPKAL exercise was higher than that during PTE. [Conclusion] FPKAL exercise is safe and effective for 
the selective activation of the LM muscle.
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INTRODUCTION

The lumbar multifidus (LM) muscle is an important local 
stabilizer of the spinal segments1). Its main function involves 
stabilizing the “neutral zone” of the lumbar spine2) and con-
trolling the extension moment of the lumbar spine3). A previ-
ous study showed that the LM was atrophied on the side of 
pain in patients with acute4) and chronic unilateral low back 
pain (LBP)5). On the other hand, the lumbar erector spinae 
(LES) muscles are global stabilizers of trunk stability; high 
LES activity is associated with increased spinal loading6) and 
may induce pain or even be harmful in patients with LBP. 
Lumbar extensor strengthening or stabilization exercises 
that focus on the lumbar paraspinal muscles are frequently 
used by physical therapists for the treatment of LBP entail-
ing dysfunction of the lumbar paraspinal muscles7, 8). In 
contrast to lumbar extensor strengthening exercises, which 
involve activation of the paraspinal musculature at high 
levels of contraction, lumbar stabilization exercises involve 
low-load, low-intensity isometric or restricted range-of-

motion techniques9). Various exercises have been evaluated 
to determine whether or not high electromyographic (EMG) 
activity of the lumbar paraspinal muscles influences LBP 
treatment outcomes. In particular, recent research has shown 
high EMG activity of the LM during prone trunk extension 
(PTE) and four-point kneeling contralateral arm and leg lift 
(FPKAL) exercises. Mayer et al.10) recommended trunk 
extension exercises with gradually increasing load and in-
tensity to improve lumbar extensor strength and endurance. 
Imai et al.11) reported higher EMG activity of the LM than of 
the LES during contralateral arm and leg lift, but their study 
did not focus on selective activation of the lumbar paraspinal 
muscles. Although recent research has suggested that the 
lumbar paraspinal muscles play a significant role in stabiliz-
ing the lumbar spine during exercise12), and previous studies 
have focused on the effect of lumbar extensor exercises on 
the lumbar paraspinal muscles, no studies have evaluated 
the selective activation of the LM muscles during PTE and 
FPKAL exercises. Moreover, in the clinical field, because 
lumbar extensor exercises have been frequently utilized in 
therapeutic approaches for the recovery of LBP by many 
physical therapists, an experimental study for baseline data 
with healthy individuals is needed to assess the efficacy of 
lumbar extensor exercises aimed at selective activation of the 
lumbar paraspinal muscles. Because experimental data from 
patients with LBP may show different EMG activity patterns 
of the lumbar paraspinal muscles, this study examined the 
selective EMG activity of the superficial LM during PTE 
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and FPKAL exercises in healthy male and female subjects.

SUBJECTS AND METHODS

Twenty healthy individuals (nine male and 11 female 
subjects) aged 20 to 22 years were recruited for this study. 
The average age of the subjects was 20.14 ± 0.24 years, and 
their mean height and weight were 168.90 ± 7.27 cm and 
63.29 ± 8.08 kg, respectively. The subjects were healthy 
individuals without LBP who had not participated in lumbar 
strengthening or stabilization exercises in the past 6 months. 
All subjects signed an informed consent form approved by 
the Inje University Ethics Committee for Human Investiga-
tions prior to participation.

The EMG data were collected and analyzed using a sur-
face EMG system (MP150; Biopac Systems, Inc., Santa Bar-
bara, CA, USA). After rubbing the skin at the electrode sites 
with alcohol swabs, pairs of disposable surface electrodes 
were unilaterally attached over the left LES (2 cm lateral to 
the L2 spinous process and aligned parallel to the spine)13) 
and LM (2 cm lateral to the midline on a line through the 
L5 spinal process and parallel to the muscle fibers)13), and 
left-side surface EMG data were recorded from the LES and 
LM. The raw EMG signals were amplified, sampled at a rate 
of 1,000 Hz, band-pass filtered between at 20 to 500 Hz, 
and the root mean square value was calculated. Maximum 
voluntary isometric contractions (MVICs) were performed 
against manual resistance for all muscles14). A 2-min rest 
period was allowed between contractions to prevent muscle 
fatigue. MVIC of the lumbar paraspinal muscles were per-
formed three times for 5 s each. The average muscle activity 
of the middle 3 s of each of the three trials was used for 
normalization. The LM/LES ratio was calculated to examine 
selective activation of the lumbar paraspinal muscles during 
PTE and FPKAL exercises.

The two exercises were PTE and FPKAL. For PTE, the 
subjects were asked to lie in the prone position while resting 
their arms on a plinth with the head at the midline. They 
were then instructed to extend the trunk as far as possible 
with their hands across the chest and legs resting flat on the 
plinth. For FPKAL, the subjects started from a four-point 
kneeling posture with their hands on push-up handles 
shoulder-width apart and knees positioned at hip width and 
maintained at 90° flexion. They were then asked to lift their 
right arm and left leg simultaneously as far as possible until 
both were approximately parallel to the floor while main-
taining normal lumbar lordosis. The subjects were asked to 
maintain this exercise position with isometric contraction for 
5 s, and the exercise was performed five times. EMG data 

of the lumbar paraspinal muscles during the two exercises 
were compared using the paired t-test. Statistical analyses 
were performed using SPSS (ver. 20.0; SPSS, IBM Corp., 
Armonk, NY, USA). P-values of <0.05 were considered to 
indicate statistical significance.

RESULTS

The %MVIC of the activity levels of the left LES and 
LM were greater during PTE (LES, 87.2 ± 11.7; LM, 83.3 
± 15.8) than during FPKAL (LES, 31.3 ± 14.9; LM, 41.9 ± 
20.0; p < 0.05), whereas the LM/LES ratio was significantly 
higher during FPKAL (mean ± SD, 1.61 ± 0.51) than during 
PTE (0.96 ± 0.18; p < 0.05). The %MVIC as determined 
from the EMG activity levels of the left LES and LM during 
the PTE and FPKAL exercises is shown in Table 1.

DISCUSSION

This study investigated the selective activation of the 
lumbar paraspinal muscles during PTE and FPKAL exer-
cises in healthy male and female subjects performing two 
lumbar extensor exercise programs.

The EMG activity level of the LES and LM was higher 
during PTE than during the FPKAL exercise. On the other 
hand, the LM/LES ratio during the FPKAL exercise was 
significantly higher than that during PTE. These findings 
indicate that FPKAL is more beneficial for the selective acti-
vation of the LM muscle than PTE, although higher LES and 
LM muscle activation was observed during PTE than during 
FPKAL. This outcome indicates the need for higher LES 
activation to lift the trunk, a high load, during PTE, and the 
lower requirement for LES activation, about half the activ-
ity level observed during PTE, given the lower load during 
FPKAL. Many researchers have emphasized the safety of 
exercises for treatment of LBP, with a particular focus on 
LM and LES function. Richardson et al.15) suggested that 
the multifidus must contract independently of the global 
muscles, and McGill et al.16) suggested that excessive spine 
loading related to high activation of global muscles should 
be avoided in patients with back pain to prevent structural 
damage. The LM is a lumbar stabilizing muscle that mainly 
comprises type I fibers17), and relatively low loads requir-
ing only approximately 30–40% of MVIC are needed to 
improve LM muscle performance15). Additionally, in one 
study that evaluated joint compression and shear force using 
an EMG-driven model during different exercises, the mean 
compression values of the lumbar joint (L4/L5) were lower 
during contralateral arm and leg lift exercises than during 

Table 1. %MVIC and the LM/LES ratio of the EMG activity levels of the LES and LM during PTE 
and FPKAL exercises

PTE FPKAL
LES LM LES LM

%MVIC (mean ± SD) 87.2 ± 11.7 83.3 ± 15.8 31.3 ± 14.9 41.9 ± 20.0
LM/LES ratio 0.96 ± 0.18 1.61 ± 0.51
PTE: prone trunk extension; FPKAL: four-point kneeling contralateral arm and leg lift; LES: lum-
bar erector spinae; LM: lumbar multifidus; %MVIC: percentage of maximal voluntary contraction
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trunk extension exercises, 2500 and 4000 N, respectively18). 
Another study noted negative L4/L5 anteroposterior joint 
shear force values on the lumbar spine during contralateral 
arm and leg lift (values of approximately −200 N) compared 
with trunk extension exercises (values of approximately 250 
N)19). Thus, the FPKAL exercise of our study (appropriate 
EMG amplitude of approximately 40% of MVC) is suitable 
for exercising the LM muscle function with selective activa-
tion of the lumbar paraspinal muscles and is recommended 
as a safe and effective simple therapeutic exercise for treat-
ment of LBP.

Our study had some limitations. First, we examined LM 
muscle activation using surface EMG. Accordingly, we were 
unable to consider the anatomical features of the LM. An 
EMG recording method that targets the EMG site in the LM 
could be used for intramuscular EMG. Second, the measure-
ment of MVIC for EMG normalization was performed in 
prone trunk extension, like the Biering-Sorenson endurance 
test, and this may have led to the recruitment of other mus-
cles. Third, because we examined healthy young individuals, 
the results of this study cannot be generalized to older adults 
or patients with LBP. We may assess the effects of exercise 
on selective activation of the lumbar paraspinal muscles in 
older adults or patients with LBP in a further study.

ACKNOWLEDGEMENT

This work was supported by the National Research Foun-
dation of Korea Grant funded by the Korean Government 
(NRF-2014S1A5B8044097).

REFERENCES

1) Richardson C, Hodges P, Hides J: Therapeutic exercise for lumbopelvic 
stabilization: a motor control approach for the treatment and prevention of 
low back pain, 2nd ed. New York: Churchill Livingstone, 2004.

2) Panjabi MM: The stabilizing system of the spine. Part II. Neutral zone and 
instability hypothesis. J Spinal Disord, 1992, 5: 390–396, discussion 397. 
[Medline]  [CrossRef]

3) Bogduk N, Macintosh JE, Pearcy MJ: A universal model of the lumbar 

back muscles in the upright position. Spine, 1992, 17: 897–913. [Medline]  
[CrossRef]

4) Hides JA, Richardson CA, Jull GA: Multifidus muscle recovery is not au-
tomatic after resolution of acute, first-episode low back pain. Spine, 1996, 
21: 2763–2769. [Medline]  [CrossRef]

5) Hides J, Gilmore C, Stanton W, et al.: Multifidus size and symmetry among 
chronic LBP and healthy asymptomatic subjects. Man Ther, 2008, 13: 43–
49. [Medline]  [CrossRef]

6) Thelen DG, Schultz AB, Ashton-Miller JA: Co-contraction of lumbar 
muscles during the development of time-varying triaxial moments. J Or-
thop Res, 1995, 13: 390–398. [Medline]  [CrossRef]

7) Hosseinifar M, Akbari M, Behtash H, et al.: The effects of stabilization 
and Mckenzie exercises on transverse abdominis and multifidus muscle 
thickness, pain, and disability: a randomized controlled trial in nonspecific 
chronic low back pain. J Phys Ther Sci, 2013, 25: 1541–1545. [Medline]  
[CrossRef]

8) Kim S, Kim H, Chung J: Effects of spinal stabilization exercise on the 
cross-sectional areas of the lumbar multifidus and psoas major muscles, 
pain intensity, and lumbar muscle strength of patients with degenerative 
disc disease. J Phys Ther Sci, 2014, 26: 579–582. [Medline]  [CrossRef]

9) Rackwitz B, de Bie R, Limm H, et al.: Segmental stabilizing exercises and 
low back pain. What is the evidence? A systematic review of randomized 
controlled trials. Clin Rehabil, 2006, 20: 553–567. [Medline]  [CrossRef]

10) Mayer J, Mooney V, Dagenais S: Evidence-informed management of 
chronic low back pain with lumbar extensor strengthening exercises. Spine 
J, 2008, 8: 96–113. [Medline]  [CrossRef]

11) Imai A, Kaneoka K, Okubo Y, et al.: Trunk muscle activity during lum-
bar stabilization exercises on both a stable and unstable surface. J Orthop 
Sports Phys Ther, 2010, 40: 369–375. [Medline]  [CrossRef]

12) Cholewicki J, McGill SM: Mechanical stability of the in vivo lumbar 
spine: implications for injury and chronic low back pain. Clin Biomech 
(Bristol, Avon), 1996, 11: 1–15. [Medline]  [CrossRef]

13) Criswell E: Cram’s introduction to surface electromyography. Sudbury, 
MA: Jones & Bartlett Publishers, 2010.

14) Kendall FP, McCreary EK, Provance PG, et al.: Muscles: Testing and 
Function with Posture and Pain, 5th ed. Baltimore: Lippincott Williams & 
Wilkins, 2005.

15) Richardson C, Jull G, Hodges P, et al.: Therapeutic exercises for spinal 
segmental stabilization in low back pain. London: Churchill Livingstone, 
1999.

16) McGill SM: Low back exercises: evidence for improving exercise regi-
mens. Phys Ther, 1998, 78: 754–765. [Medline]

17) Thorstensson A, Carlson H: Fibre types in human lumbar back muscles. 
Acta Physiol Scand, 1987, 131: 195–202. [Medline]  [CrossRef]

18) Drake JD, Fischer SL, Brown SH, et al.: Do exercise balls provide a train-
ing advantage for trunk extensor exercises? A biomechanical evaluation. J 
Manipulative Physiol Ther, 2006, 29: 354–362. [Medline]  [CrossRef]

19) Callaghan JP, Gunning JL, McGill SM: The relationship between lumbar 
spine load and muscle activity during extensor exercises. Phys Ther, 1998, 
78: 8–18. [Medline]

http://www.ncbi.nlm.nih.gov/pubmed/1490035?dopt=Abstract
http://dx.doi.org/10.1097/00002517-199212000-00002
http://www.ncbi.nlm.nih.gov/pubmed/1523493?dopt=Abstract
http://dx.doi.org/10.1097/00007632-199208000-00007
http://www.ncbi.nlm.nih.gov/pubmed/8979323?dopt=Abstract
http://dx.doi.org/10.1097/00007632-199612010-00011
http://www.ncbi.nlm.nih.gov/pubmed/17070721?dopt=Abstract
http://dx.doi.org/10.1016/j.math.2006.07.017
http://www.ncbi.nlm.nih.gov/pubmed/7602401?dopt=Abstract
http://dx.doi.org/10.1002/jor.1100130313
http://www.ncbi.nlm.nih.gov/pubmed/24409016?dopt=Abstract
http://dx.doi.org/10.1589/jpts.25.1541
http://www.ncbi.nlm.nih.gov/pubmed/24764637?dopt=Abstract
http://dx.doi.org/10.1589/jpts.26.579
http://www.ncbi.nlm.nih.gov/pubmed/16894798?dopt=Abstract
http://dx.doi.org/10.1191/0269215506cr977oa
http://www.ncbi.nlm.nih.gov/pubmed/18164458?dopt=Abstract
http://dx.doi.org/10.1016/j.spinee.2007.09.008
http://www.ncbi.nlm.nih.gov/pubmed/20511695?dopt=Abstract
http://dx.doi.org/10.2519/jospt.2010.3211
http://www.ncbi.nlm.nih.gov/pubmed/11415593?dopt=Abstract
http://dx.doi.org/10.1016/0268-0033(95)00035-6
http://www.ncbi.nlm.nih.gov/pubmed/9672547?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2960128?dopt=Abstract
http://dx.doi.org/10.1111/j.1748-1716.1987.tb08226.x
http://www.ncbi.nlm.nih.gov/pubmed/16762662?dopt=Abstract
http://dx.doi.org/10.1016/j.jmpt.2006.04.011
http://www.ncbi.nlm.nih.gov/pubmed/9442191?dopt=Abstract

