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Abstract
Objective: To identify the effect of a novel augmented core stabilization exercise technique on physical 
function, pain and core stability in patients with chronic low back pain.
Design: A block randomized controlled trial with two groups.
Setting: A sports rehabilitation clinic.
Participants: Forty patients with low back pain (20 experimental, mean (SD) age 50.35 (9.26) years and 
20 control, 51.30 (7.01)), 19 men and 21 women.
Interventions: In the experimental group ankle dorsiflexion was used in addition to drawing in the 
abdominal wall; the control group involved drawing in the abdominal wall alone. Both groups received the 
same conventional physical therapy training three days a week for eight weeks.
Main outcome measures: Physical disability instruments; Oswestry Disability Index and Roland Morris 
Disability Questionnaire; pain intensity assessments; visual analogue scale, Pain Disability Index, and a pain 
rating scale; and core stability measures, such as the active straight leg raise, were determined at pretest, 
posttest and two-month follow-up.
Results: After the intervention, the experimental group showed significant greater improvement at two 
months compared with the control group. Physical disability results included Oswestry Disability Index 
(P = 0.001, from 24.25 (7.08) to 13.35 (4.17)) and Roland Morris Disability Questionnaire (P = 0.001, from 
15.55 (1.99) to 8.15 (1.69)), pain intensity including visual analogue scale (P = 0.001, from 6.30 (1.03) to 
3.35 (0.59)), Pain Disability Index (P  = 0.001, 31.25 (5.44) to 19.00 (3.58)) and pain rating scale (P = 0.001, 
from 72.25 (18.73) to 50.10 (15.47)), and the core stability test such as active straight leg raise (P = 0.001, 
from 7.40 (0.75) to 2.15 (0.49)).
Conclusions: This study provides the clinical evidence that adding ankle dorsiflexion to drawing in the 
abdominal wall gave increased benefit in terms of physical disability, pain and core stability in patients with 
chronic low back pain.
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Introduction

Low back pain is common, costly and also the lead-
ing cause of musculoskeletal system impairment 
and disability in sports activities and heavy physical 
loading.1,2 The annual healthcare cost related to low 
back pain is estimated to be nearly 100 billion dol-
lars per year.3 Lumbo-pelvic core instability has 
been consistently identified as an important clinical 
marker for chronic low back pain. Core stability 
exercises that can effectively improve lumbo-pelvic 
instability are thus central to clinical rehabilita-
tion in patients with low back pain and core 
instability.4,5

Low back pain therapeutic techniques are used to 
optimize spinal stability and reduce pain,2 but out-
come measures are inconclusive and do not support 
the superiority of one intervention over another.4 
Low back pain is related to not only discogenic pain 
but also core instability. Nevertheless, clinical stud-
ies focus on pain reduction and do not target the 
core instability associated with transverse abdomi-
nis dysfunction.6,7 There is growing evidence that 
drawing in the abdominal wall can help in the selec-
tive restoration of the neuromuscular control of the 
abdominal and multifidus muscle groups among 
individuals with low back pain, thereby improving 
spinal stability. However, it is often difficult for 
patients with low back pain to use drawing in the 
abdominal wall and other core exercises because of 
pain and the impaired neuromuscular control of the 
core muscles.

The augmented core stability technique is 
derived from ‘irradiation’, via the proprioceptive 
neuromuscular facilitation technique, which has 
been widely used to strengthen weakened core mus-
cles by selectively stimulating adjacent or stronger 
muscles in the lower extremities.8 The success of 
this method suggests the potential for a lumbar sta-
bilization exercise for treating low back pain.9 
Specifically, ‘irradiation’ is defined as the propaga-
tion and augmentation of muscle strength in 

response to resistance, possibly resulting from stim-
ulus (resistance)-induced temporal or spatial sum-
mation in muscle fibres.10,11 It is thus believed to 
increase the number of motor units activated in a 
neuromuscular response. Building on this notion, it 
is possible that irradiation can be used to selectively 
contract the deep target muscle, the transverse 
abdominis, by applying resistance to the relatively 
stronger ankle dorsiflexors when combined with the 
drawing in of the abdominal wall, thereby further 
augmenting lumbar spinal stability. Enhanced trans-
verse abdominis neuromuscular control patterns 
among individuals with low back pain are signifi-
cantly associated with a reduction in pain and 
increase in functional spinal mobility and associ-
ated physical activity.6 Thus, we hypothesized that 
the augmented core stability technique would lead 
to greater improvement in physical function, pain 
reduction and core stability than conventional phys-
ical therapy.

Methods

Patients with chronic low back pain were recruited 
from a sports rehabilitation clinic. The inclusion cri-
teria for the experimental group were as follows: (1) 
professional diagnosis of low back pain,12 (2) pres-
ence of low back pain over the last six months, (3) 
pain level over 4/10 measured using a pain visual 
analogue scale, (4) unsuccessful performance in the 
core stability test (a score greater than 7).7 Subjects 
with neurological or musculoskeletal impairment or 
a history of spinal surgery were excluded. All of the 
subjects signed informed consent forms, and the 
study protocol was approved by the ethics and insti-
tutional review board of the university.

The target sample size was 40 participants; this 
number was investigated to yield a power of 83% 
and an alpha of 0.05 to detect large differences in 
effect size between the experimental and control 
groups. Randomization was done with sealed 
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envelopes. The sealed letters for the experimental 
group (adding ankle dorsiflexion to drawing in the 
abdominal wall) and the control group (drawing in 
the abdominal wall) were arranged by the investiga-
tor. The investigator prepared group allocation on a 
sheet of paper and gave it to subjects in a blinded 
manner. Subjects were allocated before the initial 
assessment. All of them participated in the measure-
ments. The physiotherapist undertaking the assess-
ment was also blinded to the group allocation.

The control group involved an exercise which 
required drawing in the lower abdomen below the 
navel with stable neutral pelvic position while 
keeping within the target pressure (40 mmHg) 
using a pressure biofeedback unit. The experimen-
tal group involved adding ankle dorsiflexion to 
drawing in the abdominal wall to further augment 
selective core stability muscle activation (Figure 1). 
Specifically, subjects were positioned in a hook-
lying position, and a pressure biofeedback unit set 
at 40 mmHg was placed beneath their fifth lumbar 
vertebra to provide visual feedback during the 
intervention.7,9,13 In the first part of the interven-
tion, subjects gently and gradually drew in their 
lower abdomen below the navel without moving 
their upper abdomen or spine while maintaining a 
neutral pelvic position in an attempt to keep within 

the target pressure (40 mmHg).9 They remained in 
that hook-lying posture for 20 seconds × 10 sets, 
60-second rest between the practice sessions, and 
three repetitions with slow tempo. The second part 
of the intervention involved voluntary ankle dorsi-
flexion at 30% of maximal voluntary isometric 
contraction of the tibialis anterior muscle against 
resistance provided by elastic band for 20 seconds 
× 10 sets, a 60-second rest between the practice 
sessions, and three repetitions with slow tempo.9 
Both groups received the same ultrasound-guided 
visual feedback on abdominal muscle activation 
for 40 minutes a day, three times a week, over an 
eight-week period. The conventional physical 
therapy involved gentle massage, passive range-
of-motion and treadmill gait training. In addition, 
after the eight-week intervention, subjects were 
instructed to implement an exercise programme 
(adding ankle dorsiflexion to drawing in the 
abdominal wall) and education (adequate drawing 
in the abdominal wall positioning), which were 
monitored on a daily basis. One licensed physical 
therapist (20 years of experience) provided the 
intervention. One experienced therapist was used 
to ensure standardization of the intervention so as 
to strictly adhere to the treatment protocol 
described above.

Figure 1. Novel core stabilization technique (adding ankle dorsiflexion to drawing in the abdominal wall).
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Clinical tests consisted of a routine, systemic 
review of the patient’s medical history, including 
the onset, nature and location of symptoms, aggra-
vating and relieving factors, medication, surgical 
history and previous back pain or injury. The physi-
cal disability measures comprised the Oswestry 
Disability Index14 and Roland Morris Disability 
Questionnaire.15 The Oswestry Disability Index is a 
self-report measure used to determine the level of 
pain and associated physical disability.14 It includes 
10 items: pain intensity, personal care, lifting, walk-
ing, sitting, standing, sleeping, sex life, social life, 
and travelling. In the present study, the sex life item 
was excluded because the subjects were not willing 
to rate it. The Oswestry Disability Index scoring 
system is as follows: minimal (0–20%), moderate 
(21–40%), severe (41–60%), crippled (61–80%) 
and bed-bound (81–100%). The Roland Morris 
Disability Questionnaire is a self-administered mea-
sure of disability associated with low back pain. The 
score ranges from 0 (no back pain-related disability) 
to 24 (maximum disability).15 A score of 14 or 
higher indicates significant physical disability, and 
physical therapy intervention is suggested for those 
patients who score 10 or higher. The reliability and 
validity of the instruments are well established.14,15

Standardized pain measurements included a 
visual analogue scale, Pain Disability Index and 
Low Back Pain Rating Scale. In the visual analogue 
scale, patients scored their pain on a 10-cm line, on 
which 0 indicates ‘no pain’ and 10 indicates ‘pain as 
bad as it could be’.16 The test–retest reliability is 
0.71 to 0.99, and the construct validity is 0.30 to 
0.95.15 The Pain Disability Index is a brief self-
report instrument that provides information comple-
menting the evaluation of functional impairment. It 
comprises seven sub-items of physical activity: rec-
reation, occupation, sexual behaviour, family and 
home duties, social functions, self-care, and life-
supporting functions.17 Patients rate their ability to 
perform these activities on a scale from 0 to 10, with 
a total possible score of 70.17 The test–retest reli-
ability of the Pain Disability Index ranges from 0.73 
to 0.91.17 The Low Back Pain Rating Scale com-
prises three clinical illness components of low back 
pain, which are rated separately using point scales: 
back and leg pain (0–60 points), disability index 
(0–30 points) and physical impairment (0–40 

points).18 This scale was designed to monitor out-
comes following therapeutic interventions. The 
higher the score, the greater the level of disability 
and impairment, with a maximum point value of 
130. The intraclass correlation coefficient of the 
Low Back Pain Rating Scale ranges from 0.72 to 
0.92, with high inter-rater agreement (97.7%).18

Active straight leg raise test is a self-reported 
impairment scale for lumbar spinal stability.19,20 
This test involved the participant positioning in 
supine with the knees extended and feet 20 cm 
apart. A pressure biofeedback unit cuff was placed 
under the lumbar spine (L4–5) and raised to 40 
mmHg.7 Participants were individually asked to 
raise their legs, one leg after the other, above the 
plinth 20 cm without bending the knee and hold for 
approximately 10 seconds. Each participant was 
then instructed to grade self-perceived impairment 
according to a 6-point scale from 0 to 5. The total 
score was computed by adding the scores of both 
sides, which ranges from 0 (‘normal stability’) to 10 
(‘core instability’).19 All clinical tests were adminis-
tered pre-intervention, post-intervention, and at the 
two-month follow-up.

The standard statistical analyses used included 
computations of the means and standard deviations, 
repeated measures ANOVA and Bonferroni post-hoc 
analysis. The repeated measures ANOVA was used 
to assess the differences in physical disability 
(Oswestry Disability Index and Roland Morris 
Disability Questionnaire), pain intensity (visual ana-
logue scale, Pain Disability Index and Low Back 
Pain Rating Scale) and core stability test (active 
straight leg raise) across the pre-intervention, post-
intervention and two-month follow-up test in the 
two groups, respectively. The independent t-test was 
used to compare differences between groups. SPSS 
for Windows (version 12.0) (Chicago, IL, USA) 
with statistical significance set at P < 0.05 was used. 
The post-hoc Bonferroni test was adjusted to deter-
mine the differences in pairwise multiple compari-
sons, with statistical significance set at P < 0.017.

Results

A sample of 40 subjects with chronic low back pain 
was recruited from a sports rehabilitation clinic. 
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Both the control and experimental groups under-
went pre-intervention, intervention, post-intervention 
and a two-month follow-up test (Figure 2). The 
demographic and clinical characteristics of the sub-
jects are presented in Table 1. The independent t-test 
revealed no significant difference in sex, age, height 
or weight (P > 0.05), which indicates that the groups 
had similar demographic characteristics.

Repeated measures ANOVA revealed that experi-
mental and control groups showed statistically sig-
nificant effects for the Oswestry Disability Index 
(F2,18 = 32.53, P = 0.001, from 24.25 (7.08) to 13.35 
(4.17) and F2,18 = 27.93, P = 0.001, from 23.00 (1.21) 
to 18.9 (0.97)) and Roland Morris Disability 
Questionnaire (F2,18 = 229.41, P = 0.001, from 15.55 
(1.99) to 8.15 (1.69) and F2,18 = 40.43, P = 0.001, 
from 14.40 (0.43) to 11.45 (0.47)), respectively. 
Bonferroni post-hoc analysis revealed that both 
groups showed greater improvement in the ability to 
perform physical activities across the post-interven-
tion and two-month follow-up test, separately. 
Independent t-tests confirmed that the experimental 

group showed significant greater reduction in post-
test (P = 0.052, 17.90 (5.28) vs. 21.15 (1.11)) and 
two-month follow-up (P = 0.001, 13.35 (4.17) vs. 
18.9 (0.97)) in Oswestry Disability Index and in post-
test (P = 0.001, 10.75 (1.80) vs. 13.25 (0.35)) and 
two-month follow-up (P = 0.001, 8.15 (1.69) vs. 
11.45 (0.47)) in Roland Morris Disability 
Questionnaire, compared with the control group 
(Table 2).

Repeated measures ANOVA revealed that exper-
imental and control groups showed statistically sig-
nificant effects for the visual analogue scale (F2,18 = 
58.50, P = 0.001, from 6.30 (1.03) to 3.35 (0.59) 
and F2,18 = 30.07, P = 0.001, from 5.95 (0.27) to 
3.65 (0.23)), Pain Disability Index (F2,18 = 103.63, P 
= 0.001, from 31.25 (5.44) to 19.00 (3.58) and F2,18 
= 225.09, P = 0.001, from 30.25 (0.92) to 24.55 
(0.82)), and Low Back Pain Rating Scale (F2,18 = 
79.61, P = 0.001, from 72.25 (18.73) to 50.10 
(15.47) and F2,18 = 70.50, P = 0.001, from 74.55 
(4.11) to 63.70 (3.71)) over the repeated measures, 
respectively. Bonferroni post-hoc analysis revealed 

Figure 2. Flowchart of the study.
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that both groups showed a reduction in pain mea-
sures across two time points: post-intervention and 
two-month follow-up, separately. Independent 
t-tests confirmed that the experimental group 
showed significant greater reduction in posttest (P = 
0.026, 4.25 (0.97) vs. 4.95 (0.21)) in visual ana-
logue scale, in posttest (P = 0.044, 24.00 (3.67) vs. 
26.50 (0.88)) and two-month follow-up (P = 0.001, 
19.00 (3.58) vs. 24.55 (0.82)) in Pain Disability 
Index and in posttest (P = 0.036, 56.70 (17.23) vs. 
68.60 (3.91)) and two-month follow-up (P = 0.011, 
50.10 (15.47) vs. 63.70 (3.71)) in pain rating scale, 
compared with the control group (Table 3).

Repeated measures ANOVA revealed that exper-
imental and control groups showed statistically sig-
nificant effect for the active straight leg raise (F2,18 
= 285.68, P = 0.001, from 7.40 (0.75) to 2.15 (0.49) 
and F2,18 = 115.75, P = 0.001, from 7.30 (0.15) to 
3.95 (0.17)), respectively. Bonferroni post-hoc anal-
ysis revealed that both groups showed greater 
improvement in the ability to perform core stabili-
zation across the post-intervention and two-month 
follow-up test, separately. Independent t-tests con-
firmed that the experimental group showed signifi-
cant greater reduction in posttest (P = 0.001, 3.25 
(0.64) vs. 5.30 (0.23)) and two-month follow-up 

Table 2. Changes in physical disability measures over time.

Variable test Experimental group Control group t -value P-value

(n = 20) (n = 20) (two-tailed)

ODI Pretest 24.25 (7.08) 23.00 (1.21) 0.628 0.534
 Posttest 17.90 (5.28) 21.15 (1.11) –2.005 0.052
 2-month follow-up 13.35 (4.17) 18.9 (0.97) –4.130 0.001
 F 32.53 27.93  
 P-value 0.001 0.001  
RMDQ Pretest 15.55 (1.99) 14.40 (0.43) 1.870 0.069
 Posttest 10.75 (1.80) 13.25 (0.35) –4.700 0.001
 2-month follow-up 8.15 (1.69) 11.45 (0.47) –5.486 0.001
 F 229.41 40.43  
 P-value 0.001 0.001  

ODI, Oswestry Disability Index; RMDQ, Roland Morris Disability Questionnaire.

Table 1. Demographic and clinical characteristics for subjects (N = 40).

Characteristics Experimental group Control group t-value P-value 
(two-tailed)

(n = 20) (n = 20)

Sex (man/woman) 8/12 11/9 0.936 0.355
Age (years) 50.35 (9.26) 51.30 (7.01) –0.366 0.717
Height (cm) 163.05 (9.45) 161.30 (8.68) 0.610 0.545
Weight (kg) 63.95 (9.13) 64.15 (11.59) –0.061 0.952
Current duration (months) 19.45 (9.45) 21.60 (10.60) –0.677 0.503
Total duration (months) 65.65 (33.30) 59.55 (34.17) 0.617 0.571
No. missing work due to low back pain 3.56 (1.76) 3.15 (1.22) 0.354 0.410

Values are means (SD).
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(P = 0.001, 2.15 (0.49) vs. 3.95 (0.17)) in active 
straight leg raise, compared with the control group 
(Table 4).

Discussion

This study presents clinical evidence that demonstrates 
the potential efficacy of adding ankle dorsiflexion to 
drawing in the abdominal wall for physical disability, 

pain, and associated core stability in chronic low 
back pain patients. As anticipated, our results demon-
strated a superior effect of this novel core stabiliza-
tion technique. The results showed that improvements 
in physical disability (Oswestry Disability Index and 
Roland Morris Disability Questionnaire), pain inten-
sity assessments (visual analogue scale, Pain 
Disability Index and pain rating scale) and core sta-
bility measure (active straight leg raise) remained 
strong at two-month follow-up. Previously, novel 
core stabilization techniques such as adding ankle 

Table 3. Change in pain measures over time.

Variable test Experimental group Control group t -value P-value

(n = 20) (n = 20) (two-tailed)

VAS Pretest 6.30 (1.03) 5.95 (0.27) 0.994 0.327
 Posttest 4.25 (0.97) 4.95 (0.21) –2.316 0.026
 2-month follow-up 3.35 (0.59) 3.65 (0.23) –1.123 0.270
 F 58.50 30.07  
 p-value 0.001 0.001  
PDI Pretest 31.25 (5.44) 30.25 (0.92) 0.656 0.516
 Posttest 24.00 (3.67) 26.50 (0.88) –2.084 0.044
 2-month follow-up 19.00 (3.58) 24.55 (0.82) –4.834 0.001
 F 103.63 225.09  
 P-value 0.001 0.001  
PRS Pretest 72.25 (18.73) 74.55 (4.11) –0.392 0.697
 Posttest 56.70 (17.23) 68.60 (3.91) –2.169 0.036
 2-month follow-up 50.10 (15.47) 63.70 (3.71) –2.680 0.011
 F 79.61 70.50  
 P-value 0.001 0.001  

VAS, visual analogue scale; PDI, Pain Disability Index; PRS, pain rating scale.

Table 4. Change in core stability test over time.

Variable test Experimental group Control group t -value P-value

(n = 20) (n = 20) (two-tailed)

ASLR
(score)

Pretest 7.40 (0.75) 7.30 (0.15) 0.447 0.657
Posttest 3.25 (0.64) 5.30 (0.23) –7.559 0.001

 2-month follow-up 2.15 (0.49) 3.95 (0.17) –8.912 0.001
 F 285.68 115.75  
 P-value 0.001 0.001  

ASLR, active straight leg raise.
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dorsiflexion to drawing in the abdominal wall had 
only been studied in normal subjects and had not 
been tried with low back pain patients.9

Physical disability analysis showed a greater 
improvement in functional status and associated 
reduction in Oswestry Disability Index (24 score 
→ 13 score, 45%) and Roland Morris Disability 
Questionnaire (15 score → 8 score, 46%) in the 
experimental group. Our results achieved more 
improvement than a previous study that found 
progress in Roland Morris Disability Questionnaire 
measures (13 score → 10 score, 23%) after a six-
month follow-up related to a core stability exercise 
among individuals with low back pain.2 However, 
a recent study showed equivocal results. The study 
compared the effectiveness of spinal stabilization 
exercises and conventional physiotherapy in 
patients with recurrent low back pain.1,21 In this 
previous study, both interventions were equally 
beneficial for improving physical performance, 
pain, and physical aspects of quality of life as 
evidenced by the Roland Morris Disability 
Questionnaire.1,2 Such discrepancy may result 
from the different treatment regimens. The present 
study included ankle dorsiflexion resulting in aug-
mentation of muscle strength in response to resis-
tance, based on proprioceptive neuromuscular 
facilitation (PNF) irradiation, and ultrasound-
guided drawing in of the abdominal wall which 
emphasized the altered motor control in neuromus-
cular disorders.

Substantially greater pain reduction was 
observed in the experimental group than in the 
control group. This novel core therapeutic effect 
was sustained at two-month follow-up, as consis-
tently demonstrated in the standardized visual 
analogue scale (6 score → 3 score, 50%), Pain 
Disability Index (31 score → 19 score, 38%) and 
Low Back Pain Rating Scale (72 score → 50 
score, 30%) measurements. Our findings are con-
sistent with previous results on the positive 
effects of core stability exercises on low back 
pain. For example, Kumar et al.22 reported that 
the intensive application of drawing in the 
abdominal wall with various core stability exer-
cises for five weeks in patients with chronic low 
back pain resulted in a positive improvement on 

the visual analogue scale (7 score → 1 score, 
85%). O’Sullivan et al.6 found that among 
patients with chronic low back pain, performance 
of the exercise involving drawing in the abdomi-
nal wall for 15 minutes a day for 10 weeks 
resulted in a significant reduction in the visual 
analogue scale (6 score → 2 score, 66%).

Core stability data consistently demonstrated 
that augmented core stability technique was supe-
rior to conventional approach in enhancing lumbo-
pelvic core stabilization. In general, the active 
straight leg raise test in patients with low back pain 
has been commonly suggested as one of the most 
appropriate tasks to monitor core stability.19,20 The 
present active straight leg raise test showed a 7 to 2 
score improvement by approximately 50% in the 
experimental group after intervention. Possibly, this 
core stabilization in the lumbo-pelvic core system 
may have been accomplished via two important 
mechanisms: thoracolumbar fascia stabilization and 
intra-abdominal pressure stabilization.23,24

The first mechanism of the novel core stabili-
zation technique, ankle dorsiflexion combined 
with drawing in the abdominal wall, can be 
accomplished via a fascial network of non-
contractile (passive) stiffness tissue. Despite the 
non-contractile characteristic of thoracolumbar 
fascia, the muscles that attach to the thoracolum-
bar fascia include: transverse abdominis, internal 
oblique, erector spinae, multifidus, gluteus maxi-
mus, latissimus dorsi and quadratus lumborum.7 
Transverse abdominis and internal oblique in par-
ticular play an essential role in the core stability, 
and these muscles connect to the layer of the tho-
racolumbar fascia, thereby stiffening the interseg-
mental stability in the core system.7,23 This 
increased core stiffness can effectively offset or 
withstand physical stress and pain that is imposed 
on the spine and may be closely associated with 
functional movement.23,24

The second mechanism of this novel core stabil-
ity involves coordinative structures and motor syn-
ergies whereby groups of muscles are recruited to 
work together as a functional core.25 Therefore, 
facilitation of the impaired transverse abdominis 
function in patients with low back pain can be 
achieved by integrating ankle dorsiflexion with 
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drawing in the abdominal wall. The lumbo-pelvic 
part was trained to demonstrate a motor pattern 
closer to that of healthy people when ankle dorsi-
flexion was added to the drawing in of the abdomi-
nal wall, as observed by the improved neuromuscular 
response during this novel core stability training.9 
These improved results give an enhanced ability to 
increase spinal stiffness and better force-generating 
possibility, resulting in improvements in physical 
disability, pain, and core instability in patients with 
low back pain.26,27

The third mechanism involves stabilization via 
intra-abdominal pressure, which reduces com-
pressive forces in the core system. During aug-
mented drawing in of the abdominal wall training, 
the deep abdominal muscles contract against the 
viscera, pushing the vicera superiorly into the dia-
phragm and inferiorly into the pelvic floor. This 
results in increased abdominal pressure,23,24 which 
elevates the diaphragm and leads to contraction of 
pelvic floor musculature while concurrently 
assisting in intersegmental stabilization of the 
lumbo-pelvic system.7,24 This corroborates a 
growing body of evidence that core stability can 
be further strengthened when the core exercise is 
integrated with distal upper or lower extremity 
exercises, including one-leg bridging and stability 
ball bridging.28

Notwithstanding its significant results, this 
study has some limitations that should be 
addressed in a more robust and large-scale clini-
cal study. First, the numbers of subjects were 
very small. Therefore, our findings cannot be 
generalized to low back pain or other spinal 
pathologies. Second, ultrasound-guided visual 
feedback for an adequate technique might have 
affected the outcome results in measures. Hence, 
in another study, visual feedback should be 
excluded. Third, our results cannot be general-
ized because of limited sample size. A larger 
clinical trial involving patients with low back 
pain is needed to investigate the therapeutic 
effects of adding ankle dorsiflexion to drawing 
in the abdominal wall training to augment physi-
cal disability, pain and core stability in clinical 
practice.

Clinical messages

 • This study provides clinical evidence that 
adding ankle dorsiflexion to drawing in the 
abdominal wall results in improved benefit 
in patients with chronic low back pain.

 • The therapeutic effect of novel core stabili-
zation technique on physical disability, pain 
and core instability may be further enhanced 
by adding ankle dorsiflexion to drawing in 
the abdominal wall, rather than drawing in 
the abdominal wall alone.
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