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Study Design: Clinical pilot study.
Purpose: To objectively evaluate the compliance rate of lumbar-support use in patients with chronic nonspecific low back pain, as 
well as to assess low back pain intensity, disability, and fear-avoidance beliefs.
Overview of Literature: Wearing time is an important factor in the assessment of the efficacy of lumbar-support use in patients 
with chronic nonspecific low back pain. Previous studies have measured lumbar-support wearing time based on subjective assess-
ment, and these evaluations are not easily verifiable and are usually overestimated by subjects.
Methods: Twelve subjects with chronic nonspecific low back pain who had been wearing semirigid lumbar supports for 6 weeks 
were evaluated. Compliance was objectively monitored using temperature sensors integrated into the semirigid lumbar supports. 
Subjects wore their lumbar supports for 8 hour/day on workdays and 3 hour/day on holidays during the first 3 weeks. During the next 
3 weeks, subjects were gradually weaned off the lumbar supports. Pain intensity was measured using a numerical rating scale. The 
Oswestry disability index was used to assess the subjects’ disability. Fear-avoidance behavior was evaluated using a fear-avoidance 
beliefs questionnaire.
Results: The mean compliance rate of the subjects was 78.16%±13.9%. Pain intensity was significantly lower in patients with a 
higher compliance rate (p=0.001). Disability index and fear-avoidance beliefs (functional outcomes) significantly improved during the 
second 3-weeks period of the treatment (p<0.001, p=0.02, respectively).
Conclusions: The compliance rate of patients wearing lumbar supports is a determining factor in chronic low back pain manage-
ment. Wearing semirigid lumbar supports, as advised, was associated with decreased pain intensity, improved disability index scores, 
and improved fear-avoidance beliefs in patients with chronic nonspecific low back pain.
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Introduction

Low back pain (LBP) is one of the most common mus-
culoskeletal disorders. The lifetime prevalence of LBP is 
approximately 70%–85% [1]. The recurrence rate of LBP 
is as high as 44%–78%, which can lead to increased ab-
senteeism from work [2]. Chronic back pain imposes high 
costs on the healthcare system, and back pain has been 
receiving increasing prominence in the literature. Pain 
management for chronic LBP includes various treatment 
strategies. Rehabilitation, as a nonoperative treatment 
modality, plays an important role in chronic LBP manage-
ment. Rehabilitation protocols employ lumbar supports 
for prevention and treatment of chronic LBP. The efficien-
cy of lumbar supports is in doubt. The most important 
factor influencing the effectiveness of lumbar supports is 
whether patients wear the lumbar supports for a sufficient 
duration as recommended [3].

Previous studies have investigated the wearing time of 
prescribed lumbar supports or the compliance rate ac-
cording to subjective questionnaires [4-10]. Although 
Kawchuk et al. [11] attempted to use a data logger for 
determining the compliance rate in such patients, the 
custom-made sensors that they integrated in the supports 
failed to monitor lumbar-support wearing time during the 
intervention period. Compliance rate was reported as fol-
lows: a total of 43% participants wore lumbar supports for 

at least half the time, and 80% of them wore lumbar sup-
ports most of the time [6]. In addition, subjects who wore 
the lumbar supports at work for prevention purposes were 
less compliant [4,5]. In another study, 56% subjects wore 
the lumbar supports >7 hours a day [12].

Past studies have focused on subjective statements on 
lumbar-support wearing time [4-10]. One of the major 
drawbacks of subjective statements is the difficulty in veri-
fying the subjects’ statements. Moreover, subjects usually 
overestimate their lumbar-support wearing time [13].

The aim of the present study was to objectively evalu-
ate the compliance rate of lumbar-support use in patients 
with chronic nonspecific LBP. The current study was also 
designed to determine how essential is to monitor this 
compliance rate is for lumbar-support use.

Materials and Methods

1. Participants

Twelve subjects with chronic nonspecific LBP participated 
in this clinical pilot study (Table 1). Subjects suffering 
from detectable spine and lower limb injuries, and those 
who had previously used lumbar supports were excluded. 
In all subjects, LBP persisted for >12 weeks [2]. They had 
several recurrent episodes of LBP. Even if the subjects 
were referred to clinics, they were required to have an 

Table 1. Characteristics of subjects

Subjects
Demographic data

Age (yr) Sex BMI (kg/m2) Pain chronicity (yr)

1 27 Male 26.60 6

2 44 Female 26.70 9

3 36 Female 25.09 6

4 28 Female 23.93 7

5 35 Male 25.30 3

6 50 Female 26.34 20

7 20 Female 24.84 1

8 24 Female 20.07 4

9 32 Female 29.61 2

10 20 Female 21.56 0.5

11 30 Female 22.77 1

12 31 Male 24.63 5

Mean±SD 31.42±8.98 - 24.79±2.52 5.38±5.31

BMI, body mass index; SD, standard deviation.
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acute onset of LBP.
The process of the study was described to the subjects, 

and all signed an informed consent form approved by the 
Medical Ethics Committee of Iran University of Medical 
Sciences.

2. Study setting and intervention

All subjects wore semirigid nonelastic lumbosacral ortho-
sis (LSO, Exos Form, DJO Global LLC., Vista, CA, USA) 
for 6 weeks (Fig. 1). The protocol for wearing LSO was 
as follows: subjects were instructed to wear the lumbar 
supports for 8 hour/day during workdays and 3 hour/day 
during holidays for the first 3 weeks. They were gradually 
weaned off their LSO during the second 3 weeks, such 
that wearing hours decreased to 6.5 hours during the 
fourth week, 5 hours during the fifth week, and 4 hours 
during the sixth week during workdays. During holidays, 
subjects wore LSO for 2 hours over the second 3 weeks. 
This protocol was explained to the subjects using both 
written and verbal instructions. They were instructed on 
the technique of wearing LSO and tightening it around 
their lumbar areas. The LSO tightening mechanism pro-
vided independent superior and inferior compression to 
ensure an optimal fit.

LBP intensity was measured using a numerical rating 
scale. This scale is an 11-point scale from 0 through 10; 0 
representing “no pain” and 10 representing “worst imag-
inable pain” [14,15]. Subjects were instructed to select 
a number that best matched their pain intensity. In our 
study, the pain intensity was recorded at the end of the 
first 3 weeks, and at the ends of the fourth, fifth, and sixth 
weeks and at 1-month follow-up after cessation of wearing 
LSO.

Functional outcomes of the subjects were assessed using 
the Oswestry disability index (ODI) [16,17], a self-report 

questionnaire that assesses functional disabilities due to 
LBP. ODI consists of 10 sections, and each section has six 
statements. Subjects were asked to select one statement 
from each section that best described their situation. Each 
section was scored from 0 to 5; the scores were added, di-
vided by the number of total responded sections (50 if all 
sections were responded) and multiplied by 100. A score 
of 0 represented no disability, and a score of 100 repre-
sented complete disability.

The fear-avoidance behavior of subjects was evaluated 
using the fear-avoidance beliefs questionnaire (FABQ) 
[18,19]. FABQ contains 16 items and two sections related 
to work and physical activity. Each item is scored from 0 
to 6, so that a higher score represents a high level of fear-
avoidance beliefs. We calculated the scores of four items 
from the physical activity section and seven items from 
the work section. A total overall score ranged from 0 to 
66, with higher scores denoting higher fear-avoidance 
beliefs. Subjects answered the ODI and FABQ question-
naires at the end of the first 3 weeks, at the end of the 
fourth, fifth, and sixth weeks, and at 1-month follow-up 
after the cessation of wearing LSO.

All subjects were prescribed meloxicam 7.5 mg orally 
once daily for 2 days. The subjects were not often inter-
ested in pain relievers.

3. Objective measurement of compliance

A temperature logger was used to monitor actual LSO 
wearing time. The wearing time measurement system 
(Orthotimer, Rollerwerk Medical Engineering and Con-
sulting, Balingen, Germany) has a small microsensor, 
including a battery (13×9×4.5 mm), which is easily inte-

Fig. 1. Posterior and lateral view of the semirigid lumbosacral ortho-
sis.

Fig. 2. The temperature logger. Front and side view of microsensor 
(included battery).
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grated into the anterior part of LSO (Fig. 2). Subjects were 
not informed of the sensor to avoid bias. The microsensor 
measures and stores the time, date, and temperature every 
15 minutes. Each sensor has a unique identification num-
ber that enables it to connect automatically to the patient’s 
records in the database. The saved data transfers wirelessly 
via a reading device in the corresponding software. The 
temperature threshold was taken as 28°C. Temperatures 
between 28°C and 32°C indicate the time intervals that 
subjects wore their LSO [13,20-22]. However, ambient 
temperature may influence the sensor, which can result 
in a false-positive report of wearing time. To detect such 
spurious recordings, data was inspected to exclude con-
tinuously recorded values of around ≥28°C in 24-hour in-
tervals. The invalid periods, indicating the periods when 
LSO may not have been actually worn, were excluded 
from the wearing time report [23]. It was also assumed 
that LSO is not worn during night time.

Compliance rate was determined as the ratio of LSO 
wearing time monitored by the microsensor to the recom-
mended LSO wearing time multiplied by one hundred.

To measure the compliance, we considered periods as 
recommended for the wearing time during the 6 weeks. 
That is, the compliance rate was reported at the end of the 
first 3 weeks and at the end of the fourth, fifth, and sixth 
weeks (Table 2). The least wear time to consider the sub-
jects compliant was set at 3 hour/week.

4. Statistical analysis

For statistical analysis of data, a one-way analysis of vari-
ance (ANOVA) design was used to compare differences in 
pain intensity, disability scale, and fear-avoidance behav-
ior among subjects, as well as the compliance rate between 
subgroups. The Pearson correlation coefficient was em-
ployed to investigate the relationship between compliance 
rate and pain intensity, disability scale, and fear-avoidance 
behavior. A one-way repeated measures ANOVA design 
was used to compare differences in pain intensity, disabil-
ity scale, and fear-avoidance behavior and compliance rate 
during the 6 weeks wearing the LSO.

Results

1. Compliance rate

The mean compliance rate was 78.16% (±13.9%) with a 
range from 58.83% to 100%. Fifty percent of subjects had 
compliance rate of >80%. Table 3 shows the mean compli-
ance rate, pain intensity, and functional outcomes during 
the 6-week treatment period and at 1-month follow-up.

2. Compliance rate and pain intensity

The relationship between compliance rate and pain in-
tensity during 6-week treatment was investigated using 
a Pearson correlation coefficient. There was a strong and 
negative correlation (r=−0.491, p<0.001) with high levels 
of compliance rate and lower levels of pain intensity.

A one-way repeated measure ANOVA design was con-
ducted to compare the pain intensity before the interven-
tion with 6-week treatment interval and 1-month follow-
up after treatment (Table 3). Fig. 3 shows the pain intensity 
significantly decreased during the 6-week treatment period 

Table 2. Wearing time (hours) of the LSO during 6-week intervention 
period

  Time  First 3 wk
Second 3 wk

4th wk 5th wk 6th wk

Workdays (hr) 8 6.5 5 4

Holidays (hr) 3 2 2 2

LSO, lumbosacral orthosis.

Table 3. Compliance rate, pain intensity, and functional outcomes during 6-week intervention period and 1-month follow-up

Variables  Baseline 
measurement

6-week Intervention period 1-month
Follow-upFirst 3 wk 4th wk 5th wk 6th wk Total (6 wk)

Compliance rate (%) -     71.9±20.19 70.82±24.9   81.62±18.67   88.25±18.71 78.16±13.9 -

Pain intensity   5.33±1.06   2.00±1.42   1.25±1.29   1.25±1.29   1.33±1.38   1.46±1.34 1.17±1.4

Oswestry disability index score   24.67±10.95 17.17±9.52 10.37±7.73 10.37±7.73 10.37±7.73 12.07±8.48 8.67±2.3

Fear avoidance beliefs score 31.33±11.9   21.17±10.43    19.00±11.57   19.00±11.57   19.00±11.57   20.98±11.48   16.83±10.57

Values are presented as mean±standard deviation. 
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and 1-month after cessation of wearing LSO (p<0.001).

3. Compliance rate, disability, and FABQ index

The relationship between the compliance rate and the dis-
ability and the FABQ index of subjects during the 6-week 
treatment was investigated using a Pearson correlation 

coefficient. There was no significant correlation (r=0.036, 
p=0.81, r=0.198, p=0.19, respectively) between compli-
ance rate, disability and the FABQ index of subjects.

A comparison between disability scale and FABQ index 
of subjects before the intervention and at 6-week treat-
ment interval and 1-month follow-up after treatment 
showed that the disability scale and the FABQ index of 
subjects significantly decreased during the second 3 weeks 
(from the fourth to the sixth week) of wearing the LSO 
and after 1-month follow-up (p=0.001, p=0.03, respec-
tively) (Figs. 4, 5).

4. Comparing the results of compliance

All subjects were categorized into three different groups 
according to their compliance rates (low: compliance 
<60%, medium: 60%≤compliance≤99%, and high: com-
pliance=100%, Table 4). There was statistical significant 
difference in pain intensity between the three different 
groups (F [2, 45]=7.65, p=0.001). Post-hoc comparisons 
using the Tukey honestly significant difference (HSD) test 
indicated that the pain intensity was significantly lower 
in subjects who had high compliance rate compared to 
subjects who had a low compliance rate (Fig. 6). There 
was no significant difference in the disability and fear-
avoidance beliefs between three categories of compliance 
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Fig. 3. Trends for pain intensity during the 6-week intervention period 
and 1-month follow-up. There is a significant difference between 
baseline measurement and other measurement intervals. Base, base-
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rates (p=0.63, p=0.18, respectively) (Figs. 7, 8).

Discussion

This is the first study to involve objective monitoring of 
lumbar-support wearing time in patients with chronic 

nonspecific LBP. Lumbar-support wearing time was mea-
sured by reliable temperature-recording sensors, which 
were integrated into LSO. The average compliance rate 
was approximately 78%, with 50% subjects having a rate of 
approximately 80%, which reveals that the subjects were 
well compliant. In comparison with other studies that 
assessed lumbar-support wearing time according to sub-
jects’ statements, our findings are similar to those of Mor-
risette et al. [9] and roughly consistent with the findings of 
the study conducted by Hsieh et al. [12]. Morrisette et al. 
showed that 62% patients with LBP wore an inextensible 
LSO, and 78% patients with LBP wore an extensible LSO 
daily. Hsieh et al. showed that 65% of their subjects wore 
their lumbar support for >7 hour/day. These two studies 
assumed the compliance rate to be the number of subjects 
that wore their lumbar supports in the manner that was 
recommended. However, in our study, the compliance 
rate was determined as the ratio of LSO wearing time 
monitored by temperature sensors to the recommended 
LSO wearing time. Studies that evaluated the preventive 
role of lumbar supports in LBP incidence have shown 
low compliance rates [4,5]. The subjects in these studies 

Table 4. Pain intensity and functional outcomes of subjects according to the compliance rate

Variables Compliance<60% 60%≤Compliance≤99% Compliance=100% p-value

Pain intensity 2.37±1.71   1.18±0.9     0.8±0.66 0.001

Oswestry disability index  scale 12.85±8.64 10.39±8.8 12.96±8.32 0.63

Fear avoidance beliefs  index 19.19±11.1     18.44±11.54   25.3±10.3 0.18

Values are presented as mean±standard deviation.
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Fig. 7. Disability score according to compliance rates. Low, compli-
ance<60%, Medium, 60%≤compliance≤99%; High, compliance=100%.
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Fig. 6. Pain intensity according to the compliance rates. There is a 
significant difference between the pain intensity in low compliance 
and two other groups. Low, compliance <60%; Medium, 60%≤compli-
ance≤99%; High, compliance=100%.
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may have had no LBP experience; therefore, their compli-
ance rate was low. Jellema et al. [8] reported compliance 
rates according to a questionnaire from 61% to 81% from 
workers who had a history of LBP. The experience of pain 
could provide an inducement to use the lumbar support 
to prevent occurrence of LBP.

Pain intensity decreased in parallel with the compliance 
rate during the 6-week treatment period. Our result is 
similar to that of studies in which the effectiveness of the 
lumbar support was evaluated over periods from 3 weeks 
to 3 months [7-10,24-26]. Some studies showed no signifi-
cant differences in pain severity with lumbar-support use. 
Unfortunately, no compliance rate data is available from 
these studies [27,28], but our study showed an association 
between compliance rates and pain intensity that could 
be considered in the assessment of lumbar-support use in 
future studies.

There is no direct relationship between the functional 
outcomes, including the disability and fear-avoidance 
beliefs of subjects and compliance rate during the 6-week 
treatment. In our study, the disability scale and the fear-
avoidance behavior of subjects improved after 3 weeks of 
wearing LSO. Furthermore, the improvement in the behav-
ior of the subjects was consistent at the 1-month follow-
up. Our results are in agreement with literature that evalu-
ated a disability scale in patients with LBP [9-12]. They 
indicated that the disability score improved when patients 
wore lumbar supports for periods between 2 weeks and 1 
year. Hsieh et al. [12] showed that the functional status of 
patients with LBP improved only after wearing the lumbar 
support for 4 weeks. This implies that functional improve-
ment in chronic LBP requires additional time.

Our results indicated an improvement in subjects’ fear-
avoidance behavior during the 6-week treatment. This is 
inconsistent with the study conducted by Morrisette et al. 
[9] that revealed no significant difference in fear-avoid-
ance behavior of patients with LBP. This result may be at-
tributed to the fact that they evaluated LSO wearing over 
a short period of 2 weeks. In the present study, significant 
improvement in fear-avoidance beliefs was noted after 3 
weeks of wearing LSO.

The strength of this study was the utilization of tem-
perature loggers for objectively monitoring LSO wearing. 
Furthermore, 1-month follow-up after weaning off of LSO 
was conducted to investigate whether LSO wearing during 
the 6-week treatment improved (e.g., pain relief) chronic 
nonspecific LBP.

After descriptive analysis, we found the data had covered 
a limited range of compliance rates. If we could recruit 
more subjects, it would have been possible to capture more 
diverse compliance rates and enrich our conclusions.

Conclusions

The compliance rate plays an important role in the pos-
sible impact of lumbar-support use on patients with 
chronic nonspecific LBP. We recommend that the effect 
lumbar-support use should be evaluated objectively in 
patients with acute and subacute LBP. More investigation 
is needed on lumbar-support wearing time to derive the 
optimal wearing time of lumbar supports in chronic LBP 
management.
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