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Background: Bird dog exercise (BDE) is one of the lumbar stabilization exercises that reha-
bilitate low back pain by co-contraction of the local and global muscles. Previous studies have 
reported the effect of various type of BDEs (for example, practicing the exercises on various 
surfaces and changing the limb movement) for muscle co-contraction.

Objects: This study aimed to investigate the effect of knee joint flexion position of the raised 
lower limb on abdominal and back muscle activity during BDE in patients with chronic low 
back pain (CLBP).

Methods: Thirteen males participated in this study (age: 32.54 ± 4.48 years, height: 177.38 
± 7.17 cm). Surface electromyographic (SEMG) data of the internal abdominal oblique (IO), 
external abdominal oblique (EO), lumbar multifidus (MF), and thoracic part of the iliocostalis 
lumborum (ICLT) were collected in two knee joint flexion positions (90° flexion versus 0° flex-
ion) during BDE. The SEMG data were expressed as a percentage of root mean square mean 
values obtained in the maximal voluntary isometric contraction.

Results: Greater muscle activity of the IO (p = 0.001), MF (p = 0.009), and ICLT (p = 0.021) 
of the raised lower limb side and the EO (p = 0.001) and MF (p = 0.009) of the contralateral 
side were demonstrated in the knee joint flexion position compared to the knee joint extension 
position. Greater local/global activity ratios of the abdominal muscle (i.e., IO and EO) of the 
raised lower limb (p = 0.002) and the back muscle (i.e., MF and ICLT) of the contralateral side 
(p = 0.028) were also noted in the knee joint flexion position.

Conclusion: BDE with a knee joint flexion position might be recommended as an alternative 
lumbar stabilization exercise to enhance muscle activity in both the raised lower limb and the 
contralateral sides of the trunk for individuals with CLBP.

INTRODUCTION

Low back pain (LBP) is a frequent diagnosis and high-cost 

musculoskeletal disease in today, with up to 70%–80% of the 

population showing symptoms at least once during their life-

time [1,2]. Patients with LBP may obtain some benefits through 

an appropriate level of exercise [3,4].

Lumbar stabilization exercises (LSEs) are an exercise for co-

contraction of the local and global muscles for lumbar stability 

[5]. To achieve a level of spinal stability for both preventing 

and rehabilitating LBP, the co-contraction of several trunk 

muscles is considered necessary [6,7]. LSE is used to increase 

spinal stability in various postures, including prone, supine, 

sitting, standing, side bridge, or quadruped [8-13]. Practically, 

the LSE intensity is generally adjusted by modifying the ex-

ercise difficulty through changes in the exercise method (for 

example, changing the base of support and/or the lever arm 

and practicing the exercises on various devices/surfaces) [14-

19]. Bird dog exercise (BDE) in a quadruped position is one of 

the most commonly used LSEs [14,16,17,20,21]. BDE consists 

of different limb movements in a quadruped posture with the 

spine fixed in a neutral position [12,22-24]. BDE performed on 

unstable surfaces (for example, gym balls, hemisphere balls, 

and slings) increases muscle co-contraction [24-26]. BDEs with 

the movements of raised limbs increase demands of core sta-

bility and muscle co-contraction [24,27].
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The inferior fibers of the internal abdominal oblique (IO) 

are considered to represent local muscle activity, while the 

back muscles, lumbar multifidus (MF), and lumbar part of the 

iliocostalis lumborum are the so-called local system because 

of their origin or insertion at the vertebrae or maintaining 

lumbar stability [28,29]. The rectus abdominis (RA), external 

abdominal oblique (EO), and thoracic part of the iliocostalis 

lumborum (ICLT) transfer the load between the pelvis and the 

thoracic rib cage, and are called global system [28,29]. In par-

ticular, great emphasis has been placed on facilitating local 

system muscles more than global system muscles in patients 

with chronic low back pain (CLBP) [30-34].

No previous study has examined the influence of the knee 

joint flexion position of the raised lower limb during BDE in 

subjects with CLBP. Thus, the purpose of this study was to 

compare the trunk muscle activity of two knee joint flexion 

positions (90° flexion and 0° flexion) on trunk muscle activity 

during BDE in subjects with CLBP. We hypothesized that there 

would be differences in trunk muscle activity between the two 

knee joint flexion positions.

MATERIALS AND METHODS

1. Subjects

G-power software (ver. 3.1.6; Franz Faul, Kiel University, 

Kiel, Germany) was used to conduct the power analyses. The 

necessary sample size of 13 subjects, obtained by a previous 

pilot study of five participants, was calculated to achieve a 

power of 0.80 and an effect size of 0.75, with an alpha level of 

0.05. The subjects included 13 male patients with CLBP. The 

demographics (i.e., age, height, weight, body mass index, du-

ration of LBP, Oswestry Low Back Pain Disability Index (ODI), 

and back pain intensity) of the subjects with CLBP are summa-

rized in Table 1.

The inclusion criterion was subjects with nonspecific LBP 

for more than three months without radiating pain and disk 

prolapse [35]. The exclusion criteria were as follows: taking 

medication for LBP; history of back surgery; had experienced 

thoracic and cervical pain; or had other causes of back pain, 

demonstrated hip flexor shortness, as assessed by the Thomas 

test, or had rectus femoris shortness, as assessed by Ely’s test. 

Before participation, all subjects were acquainted with the 

procedure of the experiment and signed informed consent 

forms. This study was approved by Institutional Review Board 

of the Graduate School, Yonsei University, Wonju (IRB no. 

1041849-202104-BM-059-02).

2. Pain Assessment and Electromyography Technique

The average intensity of LBP was measured using a numeric 

rating scale (NRS) anchored with ‘‘no pain’’ and ‘‘the worst 

possible pain imaginable’’. The reliability and validity of NRS 

are supported by evidence across many populations [36,37]. 

The severity of LBP was scored using the ODI, a 10-point pa-

tient-reported questionnaire most commonly used to measure 

disability, quality of life, and impairment caused by LBP [38].

Signals from surface electromyography (SEMG) were re-

corded by a Noraxon TeleMyo-DTS (Noraxon Inc, Scottsdale, 

AZ, USA) and were analyzed using MyoResearch Master Edition 

software package (ver. 3.16; Noraxon Inc, Scottsdale, AZ, USA). 

Myoelectrical signals from both sides of an EO, IO, ICLT, and 

MF muscles were digitized, amplified (gain = 300), and sampled 

at 1,500 Hz with an A/D resolution system of 16 bit (EMGworks 

acquisition; Delsys Inc, Boston, MA, USA). A band pass filter 

was used between 20–400 Hz, and the root mean square was 

calculated. 

Before electrode placement, the skin was shaved and rubbed 

with an alcohol swab. Disposable surface Ag/AgCl electrodes 

were placed bilaterally over each muscle according to guide-

lines [39]. To minimize crosstalk from multilayer muscles, a 1 

cm diameter electrode was selected. Center-to-center inter-

electrode distance was 2.5 cm. Electrode pairs were placed 

parallel to the muscle fibers over the following muscles accord-

ing to the Surface ElectroMyoGraphy for the Non-Invasive As-

sessment of Muscles (SENIAM) recommendations: the bilateral 

EO, 15 cm lateral to the umbilicus; bilateral IO, at the midway 

between the anterior iliac spine and symphysis pubis, above 

the inguinal ligament; bilateral ICLT, above and below the L1 

Table 1.Table 1. Demographics of subjects with chronic low back pain (N = 13)

Variable Value

Age (y) 32.5 ± 4.5
Height (cm) 177.4 ± 7.2
Weight (kg) 75.5 ± 14.3
BMI (kg/m2) 23.9 ± 3.2
Duration of LBP (mo) 23.9 ± 11.3
ODI (%) 12.8 ± 7.6
Back pain intensity (NRS) 2.7 ± 1.4

Values are presented as mean ± standard deviation. BMI, body mass 
index; LBP, low back pain; ODI, Oswestry Disability Index; NRS, numeric 
rating scale.
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level, midway between the midline and the lateral aspect of 

the body; and bilateral MF, lateral to the midline of the body, 

above and below a line connecting both posterior superior 

iliac spine. For normalization of the SEMG data, three maximal 

voluntary isometric contractions (MVIC) were performed for 

each muscle according to the manual muscle testing positions 

[40]. 

Five seconds of the MVIC were collected, with maximal ef-

fort against manual resistance, and a 2-minute of rest intervals 

were given between contractions [41]. SEMG data segments 

from one to four seconds on each MVIC trial were selected for 

assessing average electromyographic amplitudes [42,43]. The 

mean of the three seconds over three trials was calculated for 

data analysis. The gathered SEMG amplitudes for each muscle 

were reported as a percentage of root mean square mean val-

ues obtained in MVIC (%MVIC).

3. Procedures

The subjects performed 20 minutes familiarization sessions 

for two knee joint flexion positions during the BDE until the 

appropriate movements were performed. After the session of 

familiarization, the subjects had 15 minutes of rest to avoid 

muscle fatigue [12]. The two knee joint flexion positions of the 

BDE were performed three times each, with a 1 minute rest 

period in between. The order of the exercises was randomized 

for each subject to reduce possible effects.

1) Bird dog exercise with knee joint 0° flexion position

The subjects maintained a quadruped position and raised 

the lower limb of the painful low back side (i.e., area of usual 

pain) with a fully extended knee joint and the contralateral 

arm, and those with bilateral LBP raised the lower limb of the 

more painful low back side while balancing the quadruped po-

sition [44]. Two target bars were used to confirm the horizontal 

position of the raised arm and leg. The target bars were set at 

the subject’s raised wrist and the middle of the thigh. In addi-

tion, the subjects kept their supporting arms and thighs paral-

lel to avoid leaning of the body (Figure 1).

2) Bird dog exercise with knee joint 90° flexion position

Bird dog exercise with knee joint 90° flexion position (BD-

KFE) was performed in the same way as BDE, except that the 

knee joint was at 90° flexion. The subjects raised the painful 

lower limb with the knee joint at 90° flexion (measured using a 

goniometer). To confirm the maintenance of 90° of knee joint 

flexion of the raised lower limb, a target bar was set at the 

raised middle calf of each subject. The other two target bars 

were positioned in the same position as the BDE. When knee 

joint flexion of 90° was not sustained (i.e., the subject was un-

able to maintain the light contact of the calf to the target bar), 

the principal investigator (PI) provided verbal feedback so that 

the posture could be modified as in the exercise protocol. In 

addition, to prevent any uncontrolled lumbopelvic motion (i.e., 

anterior pelvic tilt associated with lumbar hyperextension, hip 

hiking/pelvic drop, or pelvic rotation) that might occur during 

BDE and BDKFE, the guide bar was longitudinally fixed using 

Scotch Tape (3M Inc, Saint Paul, MN, USA) and the aforemen-

tioned lumbopelvic motions were carefully monitored by the PI 

(Figure 2).

4. Statistical Analysis

SPSS (ver. 26.0; IBM Co., Armonk, NY, USA) program was 

Figure 2.Figure 2. Bird dog exercise with a 90º knee flexion position.Figure 1.Figure 1. Bird dog exercise with a 0º knee flexion position.
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used for statistical analyses. The Kolmogorov–Smirnov Z-test 

was used to confirm whether the continuous data had a normal 

distribution. Given that the collected data were not normally 

distributed, the Wilcoxon signed-rank test was performed to 

measure the differences in the normalized SEMG activity of the 

IO, EO, MF, and ICLT, and the local/global ratios of abdominal 

muscle activity (IO/EO) and back muscle activity (MF/ICLT) 

between different knee flexion positions during quadruped 

stabilization exercises (i.e., BDE and BDKFE). Significance was 

set at an alpha level of 0.05 for all analyses.

RESULTS

1. IO, EO, MF, and ICLT Muscle Activity 

Greater muscle activity of the IO (p = 0.001), MF (p = 0.009), 

and ICLT (p = 0.021) of the raised lower limb and the EO (p = 

0.001) and MF (p = 0.009) of the contralateral side were shown 

in patients who performed BDKFE compared to those who 

performed BDE. There were no significant differences in the 

muscle activity of the EO of the raised lower limb and the IO 

and ICLT of the contralateral side between BDE and BDKFE 

(Figure 3).

2. IO/EO and MF/ICLT Muscle Activity Ratios

The local/global activity ratios of the back muscle of the 

raised lower limb and the abdominal muscle of the contra-

lateral side were not significantly different between BDE and 

BDKFE. The local/global activity ratios of the abdominal 

muscle of the raised lower limb (IO/EO, p = 0.002) and the 

back muscle of the contralateral side (MF/ICLT, p = 0.028) were 
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Figure 4.Figure 4. Local/global activity ratio of abdominal back muscles during two knee joint flexion positions in bird dog exercise. (A) Raised lower limb. (B) Con-
tralateral side. BDE, bird dog exercise with knee joint 0º flexion position; BDKFE, bird dog with knee flexion 90° exercise; IO, internal abdominal oblique; 
EO, external abdominal oblique; MF, lumbar multifidus; ICLT, thoracic part of the iliocostalis lumborum. *p < 0.05.
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Figure 3.Figure 3. Comparison of trunk muscle activation during two knee joint flexion positions in bird dog exercise. (A) Raised lower limb. (B) Contralateral side. 
BDE, bird dog exercise with knee joint 0º flexion position; BDKFE, bird dog exercise with knee joint 90º flexion position; IO, internal abdominal oblique; 
EO, external abdominal oblique; MF, lumbar multifidus; ICLT, thoracic part of the iliocostalis lumborum; MVIC, maximal voluntary isometric contractions. 
*p < 0.05.
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significantly different between BDE and BDKFE (Figure 4).

DISCUSSION

The purpose of this study was to evaluate the trunk muscle 

activities and ratios during BDE and BDKFE, in patients with 

CLBP. To our knowledge, this is the first study to examine the 

effect of knee joint flexion on both the raised and contralateral 

sides of trunk muscle activity in subjects with CLBP. Signifi-

cantly greater muscle activity of the IO, MF, and ICLT of the 

raised lower limb and EO and MF of the contralateral side were 

noted during BDKFE compared to BDE. These findings support 

our research hypothesis.

In the present study, the significantly greater IO muscle ac-

tivity (42%) of the raised lower limb and MF muscle activity 

(raised lower limb by 17%, contralateral side by 32%) of both 

sides were found in response to BDKFE compared to BDE. Pre-

vious studies have reported conflicting findings [5,8]. These re-

sults differ from previous studies of healthy subjects, in which 

greater activity of the global muscles was shown when BDE was 

performed on an unstable surface (i.e., a more difficult level). 

However, the activity of the local muscles was not different 

between stable and unstable settings [5]. In the study by Souza 

et al. [8], there were no significant differences according to 

the level of exercise in abdominal muscles. These differences 

may be due to the presence or absence of a pathological state. 

In this study, we found greater muscle activity during BDKFE 

than during BDE in subjects with CLBP, especially for the local 

trunk muscles, IO, and MF. This result may imply that a higher 

contribution of the local muscles was required for lumbar 

segmental stabilization and intra-abdominal pressure during 

BDKFE compared to BDE in subjects with CLBP. In addition, it 

is believed that segmental control of the IO of the raised lower 

limb was required as a counterforce to offset the additional 

load to lumbar lordosis during BDKFE. Greater EO activity of 

the contralateral side was observed during BDKFE than dur-

ing BDE. This is consistent with the results of a previous study 

in which an unstable surface increased the need to control 

excessive trunk rotation, following which, the EO activity was 

increased to maintain a quadruped position during BDKFE (i.e., 

to counter excessive rotation) [5].

In addition, significantly greater muscle activity was found 

for the ICLT of the raised lower limb during BDKFE compared 

to BDE. A previous study suggested that enhanced local muscle 

activation combined with the global muscle is important [5]. 

This finding can be attributed to the increased complexity 

caused by the addition of knee flexion to the BDE. Increased 

complexity may have led to trunk instability, so an increased 

level of coactivation between local and global muscles (i.e., 

ICLT in our study) were necessary.

A significantly greater IO/EO muscle activity ratio (34%) 

of the raised lower limb and MF/ICLT muscle activity ratio 

(28%) of the contralateral side were observed during BDKFE 

compared to BDE. The findings of the current study are in ac-

cordance with those of previous studies that demonstrated 

enhanced local muscle to global muscle ratio in subjects with 

CLBP by high levels of exercise [45]. However, several previous 

studies with healthy individuals reported higher muscle activity 

in the global muscles during high levels of exercise [5,27,46].

Another study reported no significant difference in the local 

muscle activity ratio between stabilization exercises performed 

on a stable and unstable surface [47]. These results showed 

that not only the co-contraction of local and global muscles 

but also the activation of local muscles was increased during 

BDKFE compared to BDE in subjects with CLBP. These find-

ings suggest that the relative demand in the local muscle group 

increased as the level of exercise was higher in CLBP patients 

with weak local muscle groups.

In this study, the increase in MF activity on both sides during 

BDKFE was notable. A previous study of patients with CLBP 

showed that dysfunction and atrophy of the MF could allow 

spinal instability and may be predominant factors contributing 

to the recurrence of CLBP. Therefore, selective strengthening 

of the MF could be essential for the rehabilitation of CLBP [31]. 

Kim et al. [48] found that leveled LSEs may be an useful way 

to train the lumbar stabilizing muscles in individuals with LBP. 

The findings of our study support the need for graded LSEs. 

However, the clinical application of BDKFE in individuals with 

CLBP should be applied gradually based on the ability of the 

patients to maintain posture. These findings could be a guide 

for physical therapists when they make effective prescriptions 

for LSEs based on the patient’s progression.

The present study also has several limitations. First, it in-

cludes only young adult male participants with CLBP. The 

reason was to minimize the effects of confounding variables, 

such as age, sex, flexibility, and muscle mass. However, this 

restriction limits the generalizability of the results to all pa-

tients. Second, the lumbar lordosis of the both exercises was 
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not specifically measured using kinematic data. Third, other 

global muscles, including the RA muscle, were not monitored 

during the two exercises. Fourth, pain may have interfered 

with maximum effort and reduced its reliability during MVIC 

trials in CLBP patients. Fifth, this study did not consider the 

variables such as the dominant lower limb side and painful low 

back side that may have affected the results.

Finally, the results can be limitedly generalized only to in-

dividuals with low levels of disability, as the average ODI was 

12.8 ± 7.6. Further research is necessary to include female 

subjects, and those with a wider range of ages and levels of 

disability. Furthermore, a longitudinal studies are needed to 

investigate the long-term effects of BDKFE compared to BDE.

CONCLUSIONS

We conclude that BDKFE might be recommended for in-

dividuals with CLBP as a more intensive lumbar stabilization 

exercise than BDE. Clinically, these findings may have impli-

cations for the exercise selection, suggesting that performing 

BDKFE may be a way to induce greater trunk muscle activity in 

subjects with CLBP.
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