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SUMMARY
Background. A novel lumbar support device to be used by people with chronic 
nonspecific low back pain (CNLBP) was designed, developed and tested in this trial. 
The study investigated the immediate effects of the novel lumbar support device on 
pain modulation and core muscle function in comparison to the traditional lumbar 
support among people with CNLBP.
Methods. This study was a single-blinded, repeated measures, randomized controlled 
trial with four parallel groups design. A total of 80 patients with CNLBP were random-
ly allocated using stratified block randomization by pain severity to one of the four 
groups: traditional lumbar support (TLS) as a control group (N = 20), novel lumbar 
support with hot pack (NLSD + HP) (N = 20), novel lumbar support with biofeed-
back device (NLSD + BO) (N = 20), and finally the novel lumbar support with an 
in-built hot pack and biofeedback device (NLSD + HP with BO) as an experimen-
tal intervention group (N = 20). Pain intensity (PI), tissue blood flow (TBF), cold 
pain threshold (CPT), hot pain threshold (HPT), thickness of transversus abdominis 
muscle (TrA), and lumbopelvic stability (LPS) were assessed at baseline and immedi-
ately post-intervention by a blinded assessor. A two-way repeated-measures ANOVA 
with post-hoc analysis was used to analyze the data.
Results. All 80 participants across the 4 groups had similar outcome measures at base-
line (p > 0.05). Among the participants in the NLSD + HP with BO (Group 4), a 
significant interaction was noticed in all of the primary outcomes including PI (p < 
0.001), TBF (p < 0.001), CPT (p < 0.001), HPT (p < 0.001), PPT (p < 0.001), TrA 
thickness (p < 0.001) and as well as on the secondary outcome lumbopelvic stabili-
ty (p < 0.001). Post hoc analysis showed that the results from the NLSD + HP with 
BO (Group 4) was superior than the TLS group in all of the primary and secondary 
outcomes (p < 0.05). 
Conclusions. The immediate effects of the NLSD + HP with BO demonstrated poten-
tial beneficial outcomes on PI, PPT, CPT, HPT, TrA and LPS in comparison to TLS 
among participants with CNLBP. Further clinical trial evaluating the long-term clinical 
effects of the novel lumbar support device is needed to understand the overall benefits 
of the device and its usefulness for people with CNLBP.
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Low back pain (LBP) is a common musculoskeletal prob-
lem which leads to functional limitations and disability (1). 
Chronic low back pain (CLBP) is reported to affect the 
physical and mental health of the individuals (2). While 
there are several treatment strategies such as medication, 
surgery, acupuncture, manual therapy, physical exercises, 
heat and cold therapy reported for management of CLBP 
(3, 4), lumbar support (LS) is suggested as one among them 
to prevent and treat LBP (5, 6). The mechanisms that have 
been proposed for the effectiveness of LS in the manage-
ment of LBP are increase in intra-abdominal pressure, 
decrease in spinal load, increase in trunk stiffness, mainte-
nance of correct posture and increase in proprioception are 
some of the proposed mechanisms behind how LS may help 
people with CLBP (6, 7). LS is reported to reduce the symp-
tom of LBP and increase the patient’s confidence to perform 
physical activities (8). Also, patients with LBP felt safer and 
more stable during physical activity when wearing lumbar 
support (9). Patients with CLBP also reported decreased 
pain and improved functional ability when wearing LS (5, 
10). However, there is a concern that using a LS for a longer 
period may lead to a decrease in the abdominal and back 
muscle activity and trunk muscle weakness (9, 11). There-
fore, LS seems to be effective when incorporating with the 
usual care of LBP management (12).
While some individuals may choose to use traditional lumbar 
support (TLS) to prevent or manage low back pain, the TLS 
only provides a passive support to the lumbosacral region. 
Thus, the passive therapeutic support provided by the TLS 
had raised some concerns that using TLS for a longer period 
of time might lead to a decrease in the abdominal and back 
muscle activity and reduced trunk muscle weakness (9, 11). 
A Cochrane systematic review from the neck and back group 
indicates that the TLS is not more effective than no interven-
tion in preventing or treating CLBP (6). Perhaps, the TLS 
might be more effective when incorporating with exercises 
and usual care of CLBP management (12). Also, it could be 
possible that the current design of the TLS was not effective 
enough and a reconfiguration of the design of the lumbar 
support with additional therapeutic features was required.
Therefore, a novel lumbar support device (NLSD) was 
designed and developed with additional therapeutic features 
and the current study was to report the investigation of the 
NLSD among individuals with CLBP. In addition to giving 
support to the lumbosacral region, the NLSD was designed 
with additional therapeutic features which includes a 
biofeedback mechanism to activate core muscles and with a 
provision to produce superficial moist heat therapy to back 
muscles. Thus, the patients could use the core muscle acti-
vation feedback in the NLSD to actively exercise their core 
muscles and as well as to apply a superficial heat therapy to 

the back muscles. Therefore, the main aim of the study was 
to investigate the immediate effects of NLSD in compari-
son to the TLS on pain modulation and core muscle func-
tion among patients with CLBP. The study hypothesis was 
that the NLSD would be superior to the TLS in improving 
pain modulation and core muscle function among people 
with CLBP.

MATERIALS AND METHODS
The current study was a single-blinded, repeated measures, 
randomized controlled trial with four parallel groups. The 
study protocol was registered in the randomized control 
trial registry (TCTR20190905002) and approved by the 
institutional ethical committee according to the standards 
of the Declaration of Helsinki (AMSEC60X028). All partic-
ipants were informed about the study and signed a written 
informed consent prior to their participation in the study. 
All authors have followed the international ethical princi-
ples and the ethical standards of the Muscle, Ligaments and 
Tendons Journal (13).

Randomization and allocation
Participants were randomly allocated (1:1:1:1 ratio) to one of 
four intervention groups 1) Group 1- TLS group, 2) Group 
2 - NLS with hot pack feature (NLS + HP), 3) Group 3 - 
NLS with biofeedback core muscle activator (NLS + BO) 
and 4) Group 4 - NLSD which had both the features of 
hot pack and biofeedback core muscle activator (NLSD + 
HP with BO). The randomization was stratified by severity 
of back pain (i.e., pain intensity). An internet randomized 
scheme generator which generated block randomization 
with a random sequence of permuted blocks of 8 was used 
for allocating the participants for the intervention groups. 
An independent research staff undertook randomization 
and allocation of the participants in the trial.

Allocation concealment
The group assignment number was written on a piece of 
paper and placed in an opaque envelope and sealed. The 
member of the staff who conducted these processes did not 
have any roles in data collection or intervention assignment. 
The opaque sealed envelopes were opened after completion 
of baseline assessment.

Participants
The study was conducted in a neuromuscular and pain 
research unit at the physiotherapy department in a universi-
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ty institutional setting during January and December 2019. 
A total of 80 participants both males and females aged 
between 20-55 years with non-specific chronic low back pain 
(NSCLBP) were recruited into the study. The study details 
and participant recruitment procedures were advertised 
through community centers and Facebook, and advertise-
ment posters were placed in the hospitals, physical therapy 
clinics, and university campus to facilitate recruitment. The 
inclusion criteria were: 1) pain in the area between 12th rib to 
gluteal fold for more than three months, 2) body mass index 
(BMI) between 18.5-30 kg/m2, and 3) willing to participate 
in the study voluntarily. Participants excluded were those 
that had any of the following: 1) referred pain or numbness 
at lower limbs, 2) impaired sensation at the body and lower 
limbs, 3) history of past surgery of spine or lower extrem-
ities, 4) history of injury from an accident in the previous 
three months, 5) structural deformities of the spine, 6) preg-
nancy, 7) specific spinal disorders or nerve root compression, 
8) inflammation or infection at spine and back, 9) severe 
medical conditions such as cardiovascular disease, renal 
failure, hypertension, diabetes, and 10) those who received 
any pain-relieving medication in the previous three months. 
Figure 1 shows the flow of the study recruitment.

Interventions
A qualified therapist experienced in the field of musculoskel-
etal physiotherapy provided the intervention.  Blinding of 
participants was not possible due to the nature of the interven-
tions. Participants were advised to inform if they would experi-

ence any discomfort during the interventions and were allowed 
to leave the experiment if the participants requested to leave 
the study due to any personal reasons or reported worsening 
of symptoms. Any adverse events or any incidents of reported 
discomfort during the intervention period were recorded.

Group 1: Traditional lumbar support (TLS) as 
Control group
Participants received a TLS (model: LS, Manufacturer: VR 
Support Limited, Thailand) which fitted to the body size of 
each participant. Two sizes of lumbar support (i.e., medium 
and large) were used for the interventions generally accord-
ing to the hip sizes of the participants. The participants 
were taught to wear lumbar support around the lumbopel-
vic region (the upper edge of lumbar support is just below 
the 12th ribs) firmly. The participants had worn a tradition-
al lumbar support and were asked to complete 4 rounds of 
standing for 4 minutes and had a rest by sitting for 1 minute. 
The standing and sitting positions were chosen to represent 
the functional activities and common gestures of working in 
daily life. As part of the intervention to measure the imme-
diate effects of the lumbar support, the participants were 
instructed to wear the TLS for 20 minutes. 

Group 2: Novel lumbar support device with 
in-built hot pack (NLSD + HP)
The selection of the sizes of the lumbar support, applica-
tion technique and the familiarization procedure were 
performed similar to the control group. However, the 
NLSD + HP used in the Group 2 consisted of an addi-
tional feature to provide superficial heat therapy through 
a hot pack feature designed in the lumbar support. While 
the participants wore the lumbar support, the participants 
received superficial heat therapy to back muscles from the 
NLSD + H for 20 minutes.  

Group 3: Novel lumbar support device with 
in-built biofeedback device (NLSD + BO) 
The familiarization protocol and application techniques were 
similar to group 1 and 2. The NLSD + BO was designed with 
an additional feature consisting of a mechanism that provid-
ed a visual biofeedback whenever the participants success-
fully engaged the core muscles. The validity and reliability of 
the feedback sensor to facilitate the core muscles activation 
was tested and established prior to the intervention (14). The 
feedback sensor was a biofeedback device that was developed 
using a pressure sensor. The feedback sensor was designed 
with a mechanism to give both audio and visual biofeedback 

Figure 1. CONSORT flow diagram of participant recruitment 
and allocation in the study.
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to the participants every time when they contracted the core 
muscles during ADIM. The participants could select wheth-
er they would like to receive either an audio biofeedback 
through a beeping sound or a visual feedback through a blink-
ing light while they tried to contract the core muscles. With 
the feedback sensor fixed within the lumbar support, the 
participants were taught to perform core muscle activation 
by doing an abdominal drawing-in maneuver (ADIM) and 
the biofeedback device facilitated the maneuver by providing 
a visual and auditory feedback to the participants to engage 
with subsequent core muscle activation. While wearing the 
lumbar support, the participants were instructed to perform 
ADIM in the standing position and hold it for 10 seconds/
time, 20 times/set 4 sets and to rest for 1 minute by siting in 
between the sets. The whole session lasted for 20 minutes.

Group 4: Novel lumbar support with in-built hot 
pack & biofeedback (NLSD + HP with BO) 
The application techniques and familiarization procedures 
were performed similar to the above groups. The NLSD + 
HP with BO was designed with two additional features which 
included a mechanism to produce superficial heat therapy and 
had a feature to provide a visual feedback to participants to 
exercise the core muscles. While wearing the lumbar support, 
the participants superficial heat therapy to back muscles and 
also performed ADIM holding it for 10 seconds/time, 20 
times/set, 4 sets with 1-minute rest by sitting in between the 
sets. The duration of the whole intervention was 20 minutes. 

Outcome measures 
An independent assessor measured all the outcomes of the 
trial. The outcome measures were measured at baseline and 
immediately after 20 minutes of the intervention in each 
group. An intra-rater reliability was established prior to the 
enrollment of participants and data collection, with an accept-
able value of agreement greater than 80% and intraclass 
correlation coefficients (ICCs) ranged from 0.87-0.99 for all 
measures. Pain modulation was measured as one of the prima-
ry outcomes through evaluating changes in the pain intensi-
ty (PI), pressure pain threshold and thermal pain threshold.  
In addition, thickness of transversus abdominis muscle and 
the tissue blood flow were measured as additional primary 
outcomes. Lumbopelvic stability test was used to evaluate the 
stability of the lumbopelvic region as a secondary outcome. 
The procedure for measuring pain modulation was conducted 
as per previously established protocol (15, 16). Visual analog 
scale (VAS) was used to assess pain intensity. The participants 
rated their pain intensity (PI) on a horizontal line in a 100 
millimeters length scale which says “no pain” on the left hand 

and “pain as bad as possible” on the right hand of the scale 
(17). Pressure pain threshold (PPT) was assessed by using 
pressure algometer (Somedic Production, Algometer type II, 
Sweden). Pressure was applied perpendicularly to the skin at 
constant speed of 40 kPa/s. The participants pressed a button 
to inform the sensation changing from the pressure to pain by 
pressing a button. PPT was randomly measured over the stan-
dard fixed point (facet joints) of L4-L5 on both sides. PPT 
was assessed 3 times with 30-sec resting between trials and 
mean of the 3 trials will be used for analysis (18). The thermal 
pain threshold was measured by a Thermal Sensory Analyzer 
(Medoc Ltd., Neuro Sensory Analyzer Model TSA-II, Israel) 
for cold pain threshold (CPT) and heat pain threshold (HPT). 
A 5-cm2 thermode was directly applied to the skin over the 
L4-5 interspinous space. The initial temperature was set at 32 
̊C with the rate change 1 degree Celsius/second for heat pain 
and 2 degrees Celsius/second for cold pain (18). The cut off 
temperature was set at 0 ̊C for cold pain threshold and 50 
̊C for heat pain threshold for preventing any possible tissue 
damage. The participants were instructed to press the button 
when they felt the sensation changing from heat or cold to 
pain. Thermal pain threshold was assessed 3 times and mean 
of the 3 trials was used for analysis. 
Real-time ultrasound imaging was used to evaluate the 
muscle function of the transversus abdominis muscle 
(TrA) which is an important core stabilizing muscle. The 
muscle function of the TrA was measured as per an estab-
lished protocol (19). An ultrasound scanner in B-mode with 
5 MHz with curvilinear transducer was used to assess the 
muscle thickness of TrA (figure 2). The participants were 
positioned in crooked lying with a pillow under their head 
and knees. The transducer was placed at a point 2.5 cm in 
the anteromedial region in the midpoint between lower rib 
and iliac crest on midaxillary line in transverse plane and 
the image was collected at the end of exhalation. Thickness 
of TrA was randomly measured on both sides and the mean 
thickness of three measurements was calculated for analysis.
The tissue blood flow (TBF) was measured using a Doppler 
blood flow meter (Moor instruments DRT4, UK) as per an 
established protocol (16). The participants lied in prone 
position with arm by side. The electrode of the Doppler 
blood flow meter was placed over a standard fixed point on 
the tenderest place over the lumbar paravertebral muscle 
between the first and fifth lumbar vertebral region. The TBF 
was recorded every minute for a period of 5 minutes and 
the mean value was used for analysis. In addition, stability of 
the lumbopelvic region (LPS) was evaluated as a secondary 
outcome measure using the lumbopelvic stability test. With 
the participant in supine lying position with knee flexed 
to 70 degrees, a pressure biofeedback unit was pumped 
to 40 mmHg and placed under the lumbar spine between 
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the lumbar and sacral region (L2-S1). The participants 
performed a unilateral leg lift in the sagittal plane followed 
by progressive levels of seven lumbopelvic stability tests as 
per the test protocol (16). The participants were asked to 
maintain the pressure within 40 ± 4 mmHg in the pressure 
biofeedback device while progressing to different levels of 
test. The test was stopped when the participants were not 
able to hold 40 ± 2 mmHg in the biofeedback device and the 
test level was noted. 

Statistical analysis
The sample size was calculated with a G*power program 
for a significant alpha level of 0.05 and a power analysis of 
0.8 with an estimated effect size of 0.54. The collected data 
were analyzed for normal distribution using the Kolmogor-
ov Smirnov test. A two-way repeated-measures ANOVA (4 
conditions × 2 times) was used to consider the interaction 
effects and the main effects of the experimental conditions 
and time. A post-hoc analysis was conducted, and the level 
of significance was set as (p < 0.05). The percentage change 
in all variables was measured by calculating the difference 
between pre- and post-intervention changes divided by 100. 
The estimated effect size was calculated using partial eta 

square (ηp
2). An effect size was interpreted as following: small 

effect (0.2), medium effect (0.5), and large effect (0.8) (20).

RESULTS
A total of 80 participants (33 males and 47 females) with 
CNSLBP participated in this study with a mean age (41.3 
± 9.1) (years) and mean BMI score (23.5 ± 13.2) (kg/
m2). The mean onset of low back pain among the partici-
pants was 35.9±38.8 months and they reported Oswestry 
Disability Index mean score of 18.7 ± 10.6 (%). The char-
acteristics of the participants allocated to the four groups 
were shown in the table I. There were no significant differ-
ences between the study groups in terms of gender, age, 
body mass index (BMI), the onset of LBP, and disability 
score at the baseline.
There were no significant differences in any of the variables 
at the baseline between the study groups (p > 0.1). Table 
II shows the two-way repeated measure ANOVA results on 
the interaction effect between groups and time in all vari-
ables (p < 0.05). The participants in the TLS (Group 1) 
showed significant interaction only in the PI (p < 0.001), 
and PPT (p < 0.01) in comparison to baseline measures. 
The results showed that the participants in the NLSD + 
HP (Group 2) showed significant interaction in PI (p 
< 0.001), TBF (p < 0.001), CPT (p < 0.001) and PPT (p 
< 0.001), however no interaction was noticed in the TrA 
thickness (p > 0.05) and stability of the lumbopelvic region 
(p > 0.05). In comparison to the baseline values, the results 
showed that the participants in the NLSD + BO (Group 
3) had significant interaction in PI (p < 0.001), TBF (p < 
0.05), CPT (p < 0.05), PPT (p < 0.001), TrA thickness (p 
< 0.001), lumbopelvic stability (p < 0.001) except HPT 
(p>0.05). Finally in the NLSD + HP with BO (Group 4), 
a significant interaction was noticed in all of the primary 
outcomes including PI (p < 0.001), TBF (p < 0.001), CPT 
(p < 0.001), HPT (p < 0.001), PPT (p < 0.001), TrA thick-
ness (p < 0.001) and as well as on the secondary outcome 
lumbopelvic stability (p < 0.001). Post hoc analysis showed 

Figure 2. Ultrasound image of the Transversus abdominis 
muscle (TrA), Internal oblique (IO) and External oblique (EO).

Table I. Characteristics of the study participants shown as mean ± standard deviation (SD) across the four groups.

Variables/ Group TLS 
(n = 20)

NLSD + HP
(n = 20)

NLSD + BO
 (n = 20)

NLSD + 
HP with BO
(n = 20)

p-value

Gender (M/F) 8/12 10/10 6/14 9/11 0.614

Age (years)   40.5 ± 9.99 41.45 ± 9.93 40.45 ± 7.8 43.05 ± 8.82 0.789

BMI (kg/m2) 23.46 ± 3.96 23.96 ± 2.86 22.55 ± 3.33 24.24 ± 2.75 0.384

Onset of LBP (months) 24.75 ± 22.87 31.05 ± 34.72   48.1 ± 59.53   40.0 ± 38.42 0.302

ODI score (%) 22.47 ± 12.09 18.94 ± 10.73 17.01 ± 10.16 16.48 ± 9.69 0.287
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VAS Pre 30.65 36.25 34 33 0.001 0.2

(mm) (22.74) (18.37) (22.49) (18.49)

Post 20.9 *** 17.4 *** 23.35 *** 15.65 ***

(18.36) (13.39) (16.57) (12.93)

Mean Diff - 9.75 b,d -18.85 a,c - 11 b,d - 17.4 a,c

(95% CI) (- 13.37, - 6.13) (- 22.56, - 12.14) (- 14.98, - 7.02) (- 21.07, - 13.73)

Percentage 
Change (%)

- 43.47
(32.76)

- 57.36
(22.24)

- 36.56
(20.84)

- 61.72
(26.34)

TBF Pre 10.13 9.94 10.07 10.41 < 0.001 0.71

(flux/min) (3.54) (2.88) (2.3) (3.33)

Post 12.17 41.05 *** 14.00 * 43.44 ***

(3.92) (15.95) (9.54) (13.83)

Mean Diff 2.03 b,d 31.12 a,c 3.93 b,d 33.04 a,c

(95% CI) (0.52, 0.72) (23.66, 38.58) (- 0.79, 8.64) (26.11, 39.96)

Percentage 
Change (%)

24.24
(34.7)

341.99
(208.3)

47.07
(118.34)

368.08
(234.71)

PPT Pre 416.09 452.75 445.62 457.35 < 0.001 0.48

(kPa) (136.92) (183.74) (179.35) (195.92)

Post 441.78 ** 562.73 *** 500.97 *** 569.79 ***

(132.44) (207.32) (185.33) (199.41)

Mean Diff 25.69 b,c,d 109.98 a,c 55.35 a,b,d 112.44 a,c

(95% CI) (8.25, 43.13) (92.54, 127.42) (37.91, 72.79) (95, 129.88)

Percentage 
Change (%)

9.51
(18.17)

26.73
(11.78)

14.13
(15.41)

28.92
(13.57)

CPT Pre 2.4 3.15 1.97 2.97 < 0.001 0.24

(°C) (3.03) (2.6) (2.46) (3.1)

Post 2.12 1.0 *** 1.19 * 0.7 ***

(2.78) (1.42) (2.06) (1.4)

Mean Diff - 0.28 b,d -2.16 a,c - 0.78 b,d - 2.27 a,c

(95% CI) (- 0.43, 0.98) (- 2.87, - 1.45) (- 1.49, - 0.08) (- 2.98, - 1.56)

Percentage 
Change (%)

- 13.57
(30.09)

- 66.08
(36.03)

- 36.19
(41.8)

- 62.19
(38.35)

HPT Pre 43.49 43.91 45.16 44.35 < 0.001 0.59

(°C) (3.46) (2.8) (2.83) (3.43)

Post 43.72 47.76 *** 45.02 47.06 ***

(3.36) (2.03) (3.02) (2.51)

Mean Diff 0.23 b,d 3.85 a,c,d - 0.14 b,d 2.71 a,b,c

(95% CI) (- 0.4, 0.87) (3.21, 4.48) (- 0.78, 0.49) (2.08, 3.35)

Outcomes  Groups Interaction effect
TLS
(n = 20)

NLSD + HP
(n = 20)

NLSD + BO
(n = 20)

NLSD + HP 
with BO
(n = 20)

p-value ηp
2

Table II. Data of all variables and mean difference values are shown as mean (SD). 
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that the results from the NLSD + HP with BO (Group 4) 
was superior than the TLS group in all of the primary and 
secondary outcomes. Also, the post hoc analysis showed 
that the NLSD + HP with BO (Group 4) results were supe-
rior to the NLSD + HP (Group 2) in the outcomes such as 
HPT, TrA thickness and stability of lumbopelvic region (p 
< 0.05) and as well as superior to the NLSD + BO (Group 
3) in all of the primary (p < 0.05) and secondary outcomes 
(p < 0.05) except TrA thickness (p > 0.05). Figure 3 showed 
the percentage change for all outcome measures.

DISCUSSION
The current study investigated the immediate effects of 
NLSD + HP with BO on PI, TBF, PPT, HPT, CPT, TrA 
thickness and LPS in comparison to TLS among patients 
with CNLBP. The results of the study supported the 
hypothesis that the NLSD + HP with BO in comparison 
to TLS had superior therapeutic effects in all the primary 
outcomes (PI, TBF, PPT, HPT, CPT, TrA thickness) and 
secondary outcome (LSP) among CNLBP patients. TLS 
has some significant challenges in terms of application 

to clinical practice for management of CNLBP. Current 
state of scientific evidence questions the effectiveness of 
the TLS and raises concern on the use of lumbar support 
for the prevention and management of low back pain (6). 
Also, prolonged use of TLS is reported to cause trunk 
muscle weakness and decreased trunk muscle activity (9, 
11). While there are different brands of lumbar support 
is available, they all were designed to provide a passive 
support to the lumbar region. Therefore, it was decided to 
redesign a lumbar support with built in additional features 
such as superficial heat therapy and a biofeedback to exer-
cise the core muscles. Thus, two more study groups NLSD 
+ HP (Group 2) and NLSD + BO (Group 3) were added 
as additional comparative groups in this trial to study and 
evaluate the effects of having the superficial heat therapy 
and biofeedback mechanism in the lumbar support. Final-
ly, NLSD + HP with BO (Group 4) was added and stud-
ied as the experimental intervention group to evaluate the 
combined effects of adding superficial heat therapy and 
biofeedback mechanism in the lumbar support. Prior to 
the initiation of the current trial, the design and function 
of the novel lumbar support device was tested and proven 

Percentage 
Change (%)

0.57
(2.21)

8.96
(4.34)

- 0.34
(2.87)

6.34
(3.72)

TrA Pre 2.6 2.59 2.43 2.54 < 0.001 0.76

thickness (0.71) (0.48) (0.44) (0.47)

(mm) Post 2.62 2.6 3.05 *** 3.23 ***

(0.75) (0.44) (0.55) (0.58)

Mean Diff 0.02 c,d 0.003 c,d 0.63 a,b 0.69 a,b

(95% CI) (- 0.6, 0.11) (- 0.08, 0.09) (0.54, 0.71) (0.61, 0.77)

Percentage 
Change (%)

0.81
(5.76)

0.64
(7.01)

25.58
(7.26)

27.58
(9.97)

LPS Pre 1.95 2.15 2.05 1.75 < 0.001 0.4

(level) (0.39) (0.37) (0.39) (0.44)

Post 1.95 2.15 2.45 *** 2.4 ***

(0.39) (0.37) (0.51) (0.5)

Mean Diff 0 c,d 0 c,d 0.4 a,b,d 0.65 a,b,c

(95% CI) (0, 0) (0, 0) (0.16, 0.64) (0.42, 0.88)

Percentage 
Change (%)

0 0 22.5
(30.24)

45.0
(39.4)

No significant differences in the baseline data among 4 conditions (p > 0.05). Significant differences between pre-post (*p < 0.05, **p < 0.01, ***p < 0.001). a 

Significant difference between control (p < 0.05). b Significant differences between LS + H P (p < 0.05). c Significant differences between LS + CSE (p < 0.05).  
d Significant differences between LS + HP + CSE (p < 0.05). ηp

2 = Partial eta-squared. ES = Effect size (Cohen’s f score).

Outcomes  Groups Interaction effect
TLS
(n = 20)

NLSD + HP
(n = 20)

NLSD + BO
(n = 20)

NLSD + HP 
with BO
(n = 20)

p-value ηp
2
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to have reliable and valid features (14). Thus, the results of 
the study validated the design features of the NLSD + HP 
with BO and supported that the inclusion of additional 
novel features in the device such as superficial heat thera-
py with a biofeedback mechanism to engage core muscles 
produced desirable benefits to the CNLBP patients.
The results suggested that wearing the NLSD + HP with 
BO for 20 minutes induced an immediate physiologi-
cal change as observed by an increase in the TBF lumbar 
region. Increase in TBF is suggested to promote the heal-
ing process by supplying more oxygen and nutrients to 
the site of injury and removes the irritant substances (21). 
Therefore, the magnitude of change in the TBF reported 
in the study might have positive implications for CNLBP 
patients. The increase in TBF was found to be higher in 
the group which had NLSD + HP with BO and the effect 
was clinically significant with a larger effect size (partial 
eta-squared (ηp

2) - 0.7) when compared to the other three 
groups. In clinical practice, quantitative sensory testing 
(QST) is used to evaluate hypersensitivity and hyperalgesia 
which are associated with long term pain conditions such 
as CNLBP (22). Therefore, QST (PPT, HPT and CPT) 

Figure 3. The percentage change for the primary and secondary outcomes. Traditional lumbar support (TLS): filled column, 
novel lumbar support with hot pack (NLSD + HP): striped column, novel lumbar support with biofeedback device (NLSD + BO): 
dotted column, novel lumbar support with hot pack and biofeedback device (NLSD + HP with BO): twill column. PI: pain inten-
sity, TBF: tissue blood flow, PPT: pressure pain threshold, CPT: cold pain threshold, HPT: heat pain threshold, TrA: thickness of 
transversus abdominis muscle, LPST: lumbopelvic stability test.

was used as a standardized outcome measure along with PI 
to evaluate the effects on pain modulation (17, 22). In clin-
ical setting, the practitioners might be able to understand 
the effects of an intervention by monitoring improvement 
in the pain reported by patients (15), hence pain modula-
tion was observed as a primary outcome measure through 
evaluating QST along with PI. Besides the increase in the 
TBF, the results showed that NLSD + HP with BO had 
immediate effects on pain modulation. The results showed 
that the percentage increase of PPT was observed to be 
higher in the NLSD + HP group (28.92%) compared to 
the TLS group (9.51%).  As PPT has been suggested to 
be most predictive of CNLBP (23), the clinically meaning-
ful change in PPT among participants who used NLSD 
+ HP with BO may be considered as a useful finding in 
this study. Besides increasing tolerance of mechanical pain, 
CPT and HPT also showed significant positive chang-
es in the NLSD + HP with BO group where by the CPT 
decreased by approximately 62.2% and HPT improved by 
6%.  In addition, the PI also a clinical meaningful reduc-
tion (61.7%) in Group 4 in comparison to other three 
groups. Superficial heat therapy results in pain relief, 
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reduced muscle stiffness, and increased flexibility among 
LBP patients (24). The novel lumbar support device 
was designed to provide superficial heat therapy to back 
muscles which could explain the overall superior effects 
on pain modulation observed in the NLSD + HP with BO 
group when compared to the TLS group.
Deeper abdominal muscle such as TrA provides stability 
to the lumbopelvic region. Also, TrA has been reported 
to have impairment among people with LBP (25). There-
fore, thickness of the TrA muscle was evaluated to measure 
the changes in TrA muscle activity and LPS was evaluat-
ed as a secondary outcome measure in the study. When 
compared to the TLS group, the participants in the NLSD 
+ HP with BO group showed a higher increase in both the 
TrA muscle activity and LPS with a percentage change of 
27.5% and 45% respectively. An evidence suggests that 
lumbar support may positively affect trunk motion as it 
reduces trunk motion for flexion– extension and lateral 
bending (7). However, there is no evidence to suggest that 
this can increase TrA muscle activity and LPS.  Current-
ly, there are no data from previous literature available to 
compare the effects of lumbar support on LPS and TrA 
thickness. The novel lumbar support device had a design 
feature of a biofeedback mechanism to support and assist 
the participants to exercise the deeper core muscles. 
Prior to the current study, the reliability and validity of 
the biofeedback mechanism in the novel lumbar support 
for activation of core muscle (TrA) was established (14). 
Perhaps, the changes observed on LSP and TrA muscle 
activity might be related to the fact that the participants 
in the NLSD + HP with BO group used the biofeed-
back device and exercised their core muscles while they 
wear the novel lumbar support. Also, it is possible that 
the increase in the TrA muscle activity and LPS might be 
related with the pain modulation effects reported among 
the study participants.  Further studies are warranted to 
understand the underlying mechanism and effects of the 
NLSD + HP with BO on trunk stability.
This study may have some limitations. First, the study 
investigated only the immediate effects of the novel 
lumbar support device to establish its potential mecha-
nisms of action on pain modulation and core muscle func-
tion. Nevertheless, the study on the immediate effects was 
warranted to establish the performance of the novel lumbar 
support device and as well the findings of the current study 
was used as a catalyst to plan and conduct a long-term trial. 
The NLSD + HP with BO provided a superficial heat ther-
apy to the back muscles for about 20 minutes which might 
have caused changes in the tissue temperature of skin and 
muscles. As the post study measurements were conducted 

immediately after the heat therapy application, the change 
in the skin temperature could be a potential confounder to 
the thermal threshold measurements. However, having the 
TLS group as a control group and observing the chang-
es in the thermal threshold among the TLS group helped 
to interpret the thermal threshold findings in the study.  
Several factors such as sleep quality and patterns, psycho-
social factors, pain medications, underlying medical histo-
ry, caffeine intake, gender, age and body composition may 
influence sensory perception and outcomes of sensory test-
ing. While few factors such as BMI, pain medication, under-
lying medical conditions were monitored and controlled in 
the trial, other factors were not controlled which could be 
potential confounders. As the NLSD + HP with BO was 
considered as an experimental intervention and the study 
was designed to test the design features and its effects, 
the study findings had limited external validity. However, 
the design and development of the novel lumbar support 
device had undergone strict scientific process of reliabili-
ty and validity examination to ensure that it is functioning 
well before the current trial was conducted. In addition, 
the current trial encompassed a wide range of outcome 
measures which were relevant to current clinical practice in 
low back pain management and hence, the findings could 
be relevant to practice. Therefore, future studies evaluat-
ing the effects of the novel lumbar support might need to 
include these additional variables as important outcomes 
among CLBP patients.  Another limitation of the study was 
that the participants recruited in this study showed only 
a minimal pain related disability with the Oswestry score 
showing < 20% in three of the four groups. Therefore, it 
was important to acknowledge that the effectiveness of the 
new device should be further investigated not only to assess 
its long-term clinical effects, but also its usefulness in low 
back patients presenting moderate and severe disability. 
Currently, a clinical trial is ongoing to determine long-term 
effects of the NLSD + HP with BO among CNLBP popula-
tion and therefore any wider implications and effects of the 
novel lumbar support need among CNLBP patient needs 
to be revisited again.  

CONCLUSIONS
The immediate effects of the novel lumbar support device 
showed potential beneficial effects on pain modulation and 
core muscle function among patients with CNLBP in compar-
ison to the traditional lumbar support. Further clinical trial 
evaluating the long-term clinical effects of the novel lumbar 
support device is needed to understand the overall benefits of 
the device and its usefulness for people with CNLBP.  
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