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Abstract
Background: Recurrent low back pain (RLBP) affects different structures in the lumbar spine. Exercise therapy is highly
recommended as one of the first-line treatments. One crucial variable introduced to enhance RLBP is the external
focus. The present study aimed to investigate the effects of external focus training on pain, the thickness of transverse
abdominis (TrA), internal oblique (IO), external oblique (EO), and lumbar multifidus (LM) muscles, kinesiophobia, fearavoidance beliefs, and disability of people with RLBP.
Methods: This randomized-controlled trial consisted of 38 RLBP patients. Patients were randomly divided into two groups
the treatment group (n=19) that received external focus training in addition to motor control training and the control group
(n=19) that received motor control training alone. The primary outcome was pain intensity, and secondary outcomes were
the thickness of TrA, IO, EO, LM muscles, kinesiophobia, fear-avoidance beliefs, and disability that were measured at the
baseline and after 16 sessions of interventions. The interventions were performed three sessions weekly.
Results: Reduction in pain intensity was more significant in the intervention group than in the control group (P<0.001, Cohen’s
d=-1.47). The thickness of TrA muscle in the contraction condition of the intervention group was significantly more on the left
side (P<0.001, Cohen’s d=1.05) than on the right side (P=0.03, Cohen’s d=0.44). Other outcomes showed no significant
differences. However, the Cohen’s d effect size for the left IO (Cohen’s d=0.57) and TKS (Cohen’s d=-0.53) were moderate.
Conclusion: In RLBP patients, external focus and motor control training could effectively reduce the pain. Although
this intervention could increase the thickness of the TrA muscle of RLBP, it has no significant effect on the thickness
of IO, EO, and LM muscles. In addition, the obtained results indicated that this intervention has no significant effect on
kinesiophobia, fear-avoidance beliefs, and disability..
Level of evidence: I
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Introduction
ow back pain (LBP) is a complicated problem that
may affect bio-psychosocial aspects of an individual’s
life. It has been regarded as the greatest contributor
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to disability worldwide.1 It is estimated that about 84%
of people may develop LBP during their lifetime, and
about 12% of them suffer from disability due to that.2
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Statistics have reported that in recent decades, the
largest increase in LBP disability has been in low- and
middle-income countries in Asia, Africa, and the Middle
East.3 No specific cause or pathology is found in more
than 90% of LBP patients; this group is known as nonspecific.4 Most people with acute LBP recover without
any problem; however, some are at risk of recurrent low
back pain (RLBP). Previous studies have shown that the
probability of RLBP is 22.1% at three months and 77.1%
at three years after the recovery from an acute LBP
period.5
There are several factors involved in the RLBP
development. Even many non-musculoskeletal factors
may also contribute to RLBP.6 One of the most important
factors is the change of motor control in deep trunk
muscles. Especially, delay in the onset of transverse
abdominis muscle (TrA) background activity is
accompanied by movements of the upper extremities.7
The neuromuscular system of RLBP patients may
adopt a compensatory movement program in the joints
associated with the spine.8
Motor control training has been among the most popular
treatments for RLBP that has been recommended by
clinical practice guidelines of the orthopedic branch of
the American Physiotherapy Association.9,10 Because
it has been proven that if abnormal changes in muscle
recruitment do not improve, patients who have recovered
from a period of LBP are more likely to develop RLBP.11
One of the crucial topics that has been studied recently
in exercise therapy is the external focus. External focus
includes instructions that direct a patient’s attention to
something in the environment and out of their own body
(e.g., an external target). In contrast, when a person’s
attention is on a part of the body (e.g., a specific muscle
or joint), it is considered an internal focus.12 Studies
suggested that internal focus may interfere with the
automatic motor control process. In contrast, the external
focus could provide a more automatic process to select
and control the movements.13 So far, only the immediate
effects of external focus have been studied, and its effect
as an intervention on RLBP has not been examined. Crosssectional studies have shown that external focus training
could improve the function of some trunk muscles.14
Furthermore, according to the review studies that have
examined the effects of external focus on musculoskeletal
disorders, external focus training effectively improves
motor function, the durability of exercise results, and
facilitates the function of patients with musculoskeletal
disorders.15 Considering the mentioned advantages in
previous studies for the external focus trainings, its
effects on pain, function, and trunk muscle structures
could be studied as the most critical factors affecting
RLBP. The current study aimed to investigate the effects
of external focus training on pain intensity, the thickness
of TrA, internal oblique (IO), external oblique (EO), and
lumbar multifidus (LM) muscles and the function of
RLBP patients.
Materials and Methods
Study design
A single-blinded (assessor), parallel-group, randomized
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controlled trial (RCT) was conducted between June
and November 2020. The study was registered
on 2 Jun 2020 under the registration number
(IRCT20200418047120N1). The Ethics Committee
also approved this research of the authors’ affiliated
institutions on 15 Mar 2020 under the ethical number of
(IR.IUMS.REC.1398.1368).

Sample size
Advanced statistical software, Stata version 14, was
used to determine the sample size using the sampsi
command. The method of determining the sample
size for this study was a priori, based on the minimal
clinically important difference (MCID) of pain, as the
primary outcome. Data on the pain intensity variable was
extracted from a study conducted by Halliday et al. 16 In
that study, pain intensity after intervention in the control
group (motor control training) was reported based on
the visual analysis scale. Standard deviation (SD) was set
at 2.3, power at 85%, and type I error was fixed at 5%.
According to the calculation, the determined sample size
for each group was 15 individuals. However, considering
the 20% attrition rate, 19 participants were admitted to
each group.

Participants
Inclusion criteria were: 1) people who had experienced
RLBP (experiencing non-specific LBP at least twice in the
past year that required medical attention or limited the
patient’s function,17 2) pain intensity between 30 and
60 at rest on 0 to 100 point numeric pain rating scale
(NPRS) where 0 represents no pain and 100 is the worst
imaginable pain, 3) age between 18 to 50 years old, 4) the
participant’s ability to perform therapeutic exercises, 5)
sensory and motor health of upper and lower extremities.
Exclusion criteria were: 1) deformity of extremities or
spine, 2) any diseases that may disrupt exercise therapy
(e.g., cardiac, respiratory, rheumatic), 3) any injury to the
extremities or spine during exercise therapy, 4) absence
of more than three sessions in treatment sessions, 5)
pregnancy.
Randomization
The randomization process was performed using the
4-letter blocks made of letters A and B. Group A included
external focus training with motor control training,
and group B included motor control training alone.
Considering that 38 people had to participate in the
study and the blocks were 4-letter, ten random numbers
were prepared, which determined the placement order
of 4-letter blocks. Then, the randomization list with
letters A and B was placed inside the numbered sealed
opaque envelopes, and one envelope was assigned to
each patient for a referral.

Outcome measures
In addition to NPRS, which was used to assess pain
intensity as the primary outcome, three other functional
indexes were used in this study: 1) Tampa kinesiophobia
scale (TKS), which includes 17 items, and the score of
each one is 1-4, the general score is 17-68 that more score
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shows more kinesiophobia, 2) Fear-avoidance beliefs
questionnaire (FABQ), consists of 16 items and score
of each item is 0-6. The first five items are classified as
physics-related subscale, the last 11 items are classified
as work-related subscale, and 3), Oswestry disability
index (ODI) includes ten items that score of each one is
0-5, which presents the disability as a percentage.
The thickness of TrA, IO, EO, and LM muscles on both
sides was measured using a sonography machine:
SonoAce r7 with convex transducer (C2-8 prob, center
frequency: 4.9 MHZ, 128 elements, 51 mmR, B-mode).
Before using the sonography within and between
sessions, intra-rater reliability was examined to measure
and confirm the thickness of the mentioned muscles.
Three images were taken in each condition (rest and
contraction), and their average thickness was calculated
and recorded. All assessment steps were performed by
the first author, unaware of the grouping and patients’
intervention type.
Transverse abdominis, internal oblique, and external
oblique
The participants were instructed to lie supine and

A
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place their hands on the chest. A pillow was placed
under the knees to flex hip and knee joints and
support them [Figure 1a]. The transducer was placed
transversely on the midaxillary line between the
lower edge of the ribcage and the superior border of
the iliac crest [Figure 1b].18 Images were taken at the
end of normal exhalation at the rest condition and
measured from the thickest region of the muscles’
belly to ensure the same condition in all participants
[Figure 1c]. Muscle thickness was also measured in the
abdominal draw-in maneuver (ADIM). To perform the
ADIM, participants were instructed to take a relaxed
breath in and out, hold the breath out, then draw in
the lower abdomen without moving the spine and
contract abdominal muscles by pulling the navel up
and in toward the spine.19
Lumbar multifidus
Participants were positioned in a prone position. They
were instructed to place their hands symmetrically next
to the trunk [Figure 2a]. The examiners found the L5/S1
zygapophyseal joints by palpation and ultrasound image.
Then, placed the transducer on them longitudinally and

B

C
Figure 1. Sonography imaging of transverse abdominis (TrA), Internal oblique (IO) and External oblique (EO) muscles
A: Position of the patient
B: Position of the transducer
C: A sample of sonography image (1: EO, 2: IO, 3: TrA, 4: Fascial layers)
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a basic profile form that included age, gender, stature,
body mass, and the number of pain recurrences in the
past year. After the first steps, participants were divided
into two groups according to the random allocation list
(A: intervention or B: control). After randomization,
NPRS, TKS, FABQ, ODI, and thickness of TrA, IO, EO, and
LM muscles were measured as a pre-intervention test.
One physiotherapist, unaware of the assessment
steps, performed all interventions for both groups. Both
groups received background intervention, including 20
min of conventional Transcutaneous Electrical Nerve
Stimulation (frequency: 100 Hz, Pulse width: 40-75 µs,
patient feeling: tingling) and about 15 min of common
lumbar motor control training. In static and dynamic
conditions, common motor control exercises were
performed as the isolated and sub-maximal contraction
in the target muscles. The exercises were progressive,
and the therapist checked the patient’s ability to
contract the target muscles. If the patients were able to
perform previous exercises, they would progress to the

recorded parasagittal images [Figure 2b]. According to
the evidence, in the parasagittal plane, the zygapophyseal
joints and overlying LM muscle bulk at 2 to 3 vertebral
levels could be visualized and is suitable for measuring
the LM muscle thickness.20 After taking images at rest,
the participants were instructed to flex the elbows and
abduct the shoulders at approximately 90˚ and 120˚,
respectively. Then, they lifted their head, trunk, and
upper extremities and held them with maximum effort
for ultrasound imaging at muscle contraction condition.21
A sample of the ultrasound image of LM is provided in
[Figure 2c].

Intervention
First, the study steps were explained to the
participants, and they were checked for inclusion and
exclusion criteria. Patients who were eligible for the
study completed a written informed consent. The
procedure was conducted according to the declaration
of Helsinki. Subsequently, the participants completed

B

A

C

Figure 2. Sonography imaging of lumbar multifidus (LM) muscles.
A: Position of the patient
B: Position of the transducer
C: A sample of sonography image (1: Fascial layer, 2: LM, 3: L5/S1 zygapophyseal joint)

)770(

THE ARCHIVES OF BONE AND JOINT SURGERY. ABJS.MUMS.AC.IR
VOLUME 10. NUMBER 9. SEPTEMBER 2022

EXTERNAL FOCUS TRAINING ON LOW BACK PAIN

(0.5) = medium, d (0.8) = large, d (1.2) = very large, and
d (2.0) = huge .14

Figure 3. A sample of external focus training and external moving
targets.

next step.
After doing background intervention, group (A)
underwent external focus exercises. In this part,
moving and unpredictable external targets (e.g., ball
and dart) were provided as animations by software
and displayed on a large screen using a video projector.
The targets consisted of eight various animations,
each moving at a specific speed. The patients were
instructed to stand on a surface before the screen
and focus on animation objects, then hit them with a
light bar [Figure 3]. The distance between the patient
and the screen was optimal to reach the targets and
challenge the upper limbs and trunk. These exercises
were progressive, and their progress was performed
by two factors: reducing the distance between moving
the external targets and increasing their speed (from
2 sec in the first sessions to 0.5 sec in the last session)
and increasing their unpredictability. If the patients
could do the slower exercises correctly, faster exercises
were replaced. The whole external focus training
lasted about 15 min. For all participants, three weekly
sessions and 16 intervention sessions were held. Then,
all the mentioned outcomes were examined again as
the post-intervention test.
Statistical analysis
For all statistical analyzes, SPSS (version 21) was
used. To examine the normal distribution of data,
the Shapiro-Wilk test, mean and median proximity,
and the degree of skewness and kurtosis of the data
distribution were used. Due to the normal distribution
of data and equality of variances, the parametric
method, analysis of covariance (ANCOVA), was used to
calculate the differences between the two groups. The
data of the pre-intervention test were determined as
the covariance in the ANCOVA test. A P-value less than
0.05 was considered statistically significant. Cohen’s
d effect size index was also used for each variable to
compare the two interventions and determine their
effect regardless of the sample size. The effect size is
interpreted as: d (0.01) = very small, d (0.2) = small, d

Results
Different phases of the study are presented in the
consort flowchart [Figure 4]. The data of 38 participants
[17 males and 21 females, age: 37.63(8.33), body mass:
69.68(9.08) kg, stature: 168.42(6.73) cm] were included
in the analysis. Participants’ detailed demographic and
descriptive characteristics before the intervention are
presented in [Table 1].
Analytical statistics of pain, muscle thickness, TKS,
FABQ, and ODI are available in [Table 2]. According to
the ANCOVA test, external focus training with motor
control training was significantly effective in pain
reduction more than motor control training alone. The
between-group mean difference in pain was significant
(-10.53 (9.70), P<0.001). In addition, its effect size was
very large (Cohen’s d=-1.47). Furthermore, a significant
mean difference was proved in the right and left TrA
muscles (P=0.03, Cohen’s d=0.44 and P<0.001, Cohen’s
d=1.05 for Rt and Lt TrA, respectively). The thickness
of IO, EO, and LM muscles in the intervention group
was not significantly different from the control group.
Moreover, TKS, FABQ, and ODI analysis showed no
significant difference in these indexes. However, the
effect size for TKS was medium (Cohen’s d=-0.53) and
better than FABQ and ODI (Cohen’s d=-0.26 and -0.19,
respectively).

Figure 4. Flow chart of the different phases of the study.
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Table 1. Descriptive statistics of participants before intervention
Characteristic

Intervention

Control

Gendera

M: 9 (47.4%)
F: 10 (52.6%)

M: 8 (42.1%)
F: 11 (57.9%)

Body mass

68.26 (8.81)

71.10 (9.35)

Age

36.37 (8.24)

38.89 (8.46)

Stature

168.21 (7.29)

168.63 (6.31)

NPRS

55.79 (7.68)

55.26 (6.12)

17.21 (4.33)

18.42 (4.46)

Pain recurrence
TKSc

b

FABQ (P)

41.95 (8.55)

d

FABQ (W)e
ODI

f

Right TrAg
Left TrA
Right IOi
Left IO
Right EOj
Left EO
Right LMk
Left LM.

3.37 (1.60)

22.42 (8.39)

Rest

ADMIh
Rest

ADMI
Rest

ADMI
Rest

ADMI
Rest

ADMI
Rest

ADMI

28.00 (12.45)
2.84 (0.78)
4.55 (0.98)
2.93 (1.03)
4.94 (1.18)
5.95 (2.07)
6.91 (2.45)
6.08 (1.66)
7.55 (2.30)
4.72 (1.69)
4.27 (1.43)
4.72 (1.40)
4.85 (1.73)

3.79 (1.58)

44.21 (6.50)
20.79 (7.91)
31.68 (7.87)
3.01 (0.92)
4.68 (1.52)
2.67 (0.82)
4.60 (1.38)
5.56 (1.76)
6.74 (3.87)
5.42 (1.89)
6.95 (2.76)
4.47 (1.55)
4.60 (1.61)
4.96 (1.51)
4.99 (1.60)

Rest

25.57 (4.31)

26.47 (5.52)

Rest

26.67 (4.05)

27.74 (5.24)

LEl
LE

32.76 (3.99)
33.44 (4.30)

34.05 (4.86)
34.31 (5.17)

: data are presented as mean ± mean difference (SD),
b
: numerical pain rating scale, c: Tampa kinesiophobia scale,
d
: fear-avoidance beliefs (physical subscale), e: fear-avoidance beliefs
(work related subscale), f: oswestry disability index, g: transverse
abdominis,
h
: abdominal draw-in maneuver, i: internal oblique, j: external
oblique,
k
: lumbar multifidus, l: lumbar extension.
a

Discussion
The primary aim of this study was to investigate the
effect of external focus training with motor control
training compared to motor control training alone on
pain. Secondary aims were the thickness of TrA, IO, EO,
and LM muscles, kinesiophobia, fear-avoidance beliefs,
and disability of patients with RLBP. Studies that have
examined external focus on the lumbar region are
minimal. Only some considered the immediate effects
but did not use it as an intervention, making it difficult to
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compare the results.14,22
The results showed that the pain in the intervention
group significantly reduced more than in the control
group. Other studies that have used external focus
for musculoskeletal disorders have confirmed its
positive effects on reducing pain and improving
function.15 The relationship between trunk muscles
background activity (especially during movements of
upper limbs) and pain is one of the critical issues that
has been investigated in RLBP patients.23 Evidence
suggests that the risk of LBP increased by 3% for
every millisecond of abdominal muscle delay during
movements of the upper limbs.24 Previous studies
have shown that in RLBP patients, movements of
different spinal column parts are performed more
independently and uncoordinated than in healthy
people.25 External focus training is not isolated at
a certain level of the musculoskeletal system and
could improve coordination between different parts
of the spine; however, some studies contradicted this
idea. In 2009, Hall et al. provided non-isolated motor
control training for patients with RLBP and found that
a single session of non-isolated training of the trunk
muscles could not improve the motor control of the
deep abdominal muscles of RLBP patients.26
The between-group mean difference in muscle thickness
was significant in the contraction condition (ADIM)
of TrA muscle. No significant between-group mean
difference was observed in other muscles. Considering
the large variety of effect sizes, it shows that one model
of external focus training cannot be expected to have the
same effect on all trunk muscles. A similar conclusion
could be interpreted from a study by Calatayudet al.
In the mentioned study, the difference between the
recruitment of different abdominal muscles during
internal and external focus was investigated during plank
exercise. However, it was observed that only the activity
of the rectus abdominis muscle changed due to the type
of focus.14
The external focus training in this study required
free movements of the upper extremities, which
could challenge the TrA muscle and may cause more
recruitment. Feedforward activity of TrA, before the
movements of the upper extremities, could prepare the
spine for perturbations.27 It could be trained during
external focus training.
The activity of TrA is also associated with postural
demands in a standing position.28 Therefore, postural
challenges during external focus training could also
recruit TrA more and could be another reason for
the increase in its thickness. Some other studies have
suggested other factors as a result of external focus
training (e.g., the effect of the therapist’s instructions
on the external focus). In a study by bourdon et al., the
dynamic stability of the lumbar spine flexion during
external and internal focus was investigated, and it was
observed that the type of therapist instructions also
plays an important role.22
Analysis of TKS, FABQ, and ODI showed that the mean
difference was not significant and effect sizes were
moderate. Differences in the effect size of TKS, FABQ,
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Table 2. Analytical statistics of participants after intervention
Mean (SDa)

Characteristic
NPRSc
TKS

FABQ (W)
ODIg

Right IOj
Left IO
Right EOk
Left EO
Right LMl
Left LM

Mean
difference (SD)

6.31 (5.97)

16.84 (8.20)

13.31 (5.71)

14.79 (5.62)

17.05 (6.11)

f

Right TrAh
Left TrA

Intervention

35.47 (7.38)

d

FABQ (P)e

Control

14.21(11.31)

Rest

3.56 (0.76)

ADMIi

5.15 (0.84)

Rest

3.84 (0.94)

ADMI

5.80 (1.03)

Rest

6.77 (2.48)

ADMI

7.80 (2.62)

Rest

6.98 (1.50)

ADMI

8.26 (1.82)

Rest

5.04 (1.29)

ADMI

4.81 (1.24)

Rest

5.46 (2.02)

ADMI

5.31 (2.10)

39.42 (7.53)
18.74 (6.80)

P-value

Effect Size (CIb)

-10.53 (9.70)

<0.001*

-1.47 (-2.48, -0.45)

-1.47 (8.29)

0.59

-3.95 (9.51)

0.20

-1.68 (6.02)

0.24

16.10 (8.47)

-1.89 (13.19)

4.67 (1.33)

3.33 (0.96)
3.25 (0.88)
4.66 (1.13)
5.85 (2.30)
6.92 (3.84)
5.93 (2.11)
7.03 (2.68)
4.83 (1.85)

0.59 (1.01)
1.14 (1.67)

0.05

<0.001

0.91 (3.67)
0.88 (5.34)

0.25

1.04 (2.75)

0.05

0.38 (-0.53, 1.29)

0.18

0.57 (-0.35, 1.48)

4.74 (1.38)

0.57 (2.20)

Rest

28.92 (5.74)

28.29 (5.80)

0.64 (8.82)

35.41 (3.72)

35.98 (6.26)

0.97

0.68 (2.18)

-0.32 (6.40)

LE

0.11

0.21(2.21)

-0.16 (2.06)

35.32 (6.31)

0.13

1.22 (3.42)

28.34 (6.04)

35.36 (3.64)

-0.19 (-1.09, 0.71)

0.03*

28.02 (3.68)

LE

-0.26 (-1.16, 0.64)

0.77

0.49 (1.71)

Rest
m

-0.26 (-1.16, 0.64)

0.23 (0.97)

4.97 (1.60)
4.77 (1.38)

-0.53 (-1.44, 0.39)

-0.57 (7.62)

0.44 (-0.47, 1.35)
*

0.65 (-0.27, 1.57)
1.05 (0.09, 2.01)

0.27 (-0.64, 1.17)
0.53 (-0.38, 1.45)
0.13 (-0.77, 1.03)

0.71

-0.11 (-1.01, 0.79)

0.05

0.32 (-0.58, 1.22)

0.09

0.03 (6.67)

0.26 (-0.64, 1.17)

0.39 (-0.51, 1.30)

0.60

-0.06 (-0.96, 0.83)

0.22

0.11 (-0.79, 1.01)

0.45
0.83

0.01 (-0.89, 0.91)

-0.11 (-1.01, 0.79)

significant mean difference, : standard deviation, : confidence interval, : numerical pain rating scale, : Tampa kinesiophobia scale,
: fear-avoidance beliefs (physical subscale), f: fear-avoidance beliefs (work related subscale), g: oswestry disability index, h: transvers abdominis, i:
abdominal draw-in maneuver, j: internal oblique, k: external oblique,
l
: lumbar multifidus, m: lumbar extension.
*:
e

a

b

and ODI could be found in their items. The TKS does
not ask about the physical condition of the person. It
only examines the patient’s view about pain and factors
that may affect it. Evidence proved that the patient’s
perception of pain could play an essential role in physical
treatment.29The sport and functional nature of external
focus training in the present study may help the patients
have more confidence and a more positive view of the
body’s physical capacity.
In FABQ and ODI, unlike TKS, in addition to spiritual
factors, the physical dimensions of the patients were
examined. The patients had physical problems that
they had experienced repeatedly for at least one year.
More intensive or prolonged intervention to improve
and achieve greater effect size seemed to be required
regarding some parts, such as item 9 of ODI (social

c

life).

d

Study limitations
The first limitation of the study was the available
technology. The used set-up for external focus training
was designed one-way, meaning that the patients could
not immediately see the result of their action and get
feedback or effect on the practice process. If there was
a system that could interact more with the patients
and have two-way communication, the protocol could
be better. The second limitation was the patients’ pain
which could interrupt the sonography imaging process.
By monitoring the image and taking it at the patient’s
stable condition, training the patient, three repeats of
the imaging, and taking the average, this problem in the
assessment was minimized.
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Suggestions
The first suggestion is to use a two-way set-up for
external focus training. If a system that could receive the
patient’s movement information at the same time as the
exercise and present external targets according to the
patient’s performance is used, the patient could receive
appropriate feedback during the exercise. Another idea
is using electromyography to examine the course of
changes in the underlying and postural activity of the
deep trunk muscles, especially the transverse abdominal
muscle, during external focus exercises.
Based on the obtained results, external focus training
with motor control training could significantly reduce
RLBP patients’ pain. This training could also significantly
increase the thickness of the TrA muscle as one of the
important deep trunk muscles. However, it did not show
a significant group mean differences in IO, EO, and LM
muscle thickness. Furthermore, the effect of external
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focus training with motor control training in comparison
with motor control training on kinesiophobia was
moderate; however, it seemed that this intervention was
not enough to improve kinesiophobia, fear-avoidance
beliefs, and disability.
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