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Purpose: In the current study, we investigated the usefulness of the quick response (QR) code linked to the source of a video of
home-based therapeutic exercise to promote home-based therapeutic exercise in patients with LDH and LSS.

Patients and Methods: Forty patients with LDH and LSS were included in this study. The patients were randomly assigned to one
of two groups: QR codes or control groups (20 patients per group). The QR code group received QR code stickers linked with a video
that includes a demonstration on how to exercise for the back muscles. We instructed the patients to perform home-based therapeutic
exercises three or more days a week. Patients in the control group were asked to perform the therapeutic exercise without providing
a QR code to them. The primary outcome was the number of exercises per week. The scores of the numeric rating scale (NRS) and
Oswestry disability index (ODI) were investigated as secondary outcomes.

Results: The patients in the QR code group exercised for the lower back muscles on average about two times a week, and 40% of the
patients in the QR code group performed the exercise three or more days a week. However, almost no patients in the control group
performed therapeutic exercises. Patients in the QR code group showed significantly lower ODI scores at the 1-month and 2-month
follow-ups compared with the control group. In addition, the patients who exercised >3 times per week showed more improvement in
the disability than those who exercised <3 times per week. The NRS scores for lower back pain and radicular leg pain were not
significantly different between the QR code and control groups.

Conclusion: We found that QR codes can be useful for encouraging patients with LDH or LSS to perform home-based therapeutic
exercises.
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Introduction
Lumbar disc herniation (LDH) and lumbar spinal stenosis (LSS) are the most common spinal degenerative disorders
which can lead to low back pain (LBP) and radicular leg pain.'* These disorders can result in the absence of work and
decreased activities of daily living.® In clinical practice, pain from LDH and LSS is one of the most frequent complaints
of patients visiting a clinic. The prevalence of chronic LBP is reported to be approximately 15% in the general
population,* and the prevalence of radicular pain ranges from 16-55% in patients with chronic LBP.?

For controlling pain from LDH or LSS, oral medications and procedures are used.®® In addition, these disorders can
reduce muscle strength, endurance, flexibility, and balance ability of the lower back muscles, which can accelerate
degenerative changes in the lumbar spine and aggravate pain from degenerative spinal disorders.””'! Therefore, in
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treating LDH and LSS, exercise to increase the strength, endurance, flexibility, and balance ability of the lower back
muscles is essential.'>”'> However, repetitive exercise is limited because patients lack the motivation to exercise
continuously.'® If the methods of exercise for the lower back muscles are verbally explained, patients frequently cannot
understand them sufficiently. Even though clinicians should demonstrate how to perform the exercise in patients, it is not
easy in real practice owing to time and space constraints.

Recently, digital technology has been greatly advanced and is actively applied in various medical fields.'” " Quick
response (QR) codes can contain a large amount of data or information while keeping the code size small.>*?!
Additionally, it has the advantage of being easily recognizable through a smartphone and has a fast recognition
speed.’®*! In addition, by converting video uniform resource locators (URLs) to QR codes, people can easily access
and view videos. We linked a video demonstrating how a patient with LDH and LSS should perform a therapeutic
exercise to the QR code and made it a sticker for an easy supply to patients.

In the current study, we investigated the usefulness of QR codes linked to the source of the video of home-based
therapeutic exercise for promoting home-based therapeutic exercise in patients with LDH and LSS.

Materials and Methods
Subjects

This study was conducted prospectively. Of 134 consecutive patients who visited the spine center of our university hospital
from March 2022 to April 2022, 40 patients met the inclusion criteria and participated in this study. Patients were recruited by
one of our researchers (Y.J.C.) according to the following criteria: 1) age between 20 and 79 years; 2) >6-month history of
chronic LBP and radicular leg pain; 3) no psychological disorders or cognitive deficits (we excluded patients with
psychological disorders or cognitive deficits by directly asking the patients about their diagnostic history, and included
patients who have no problems in communicating and acting according to instructions); 4) no exercise for the lower back
muscles; 5) endurable pain (numeric rating scale [NRS; 0 {no pain} to 10 {worst pain imaginable}]** <4) that does not
require epidural steroid injection or surgery, and 6) imaging findings (magnetic resonance imaging and/or computed
tomography) compatible with patients’ pain. The Institutional Review Board of Yeungnam University Hospital approved
this study, and all patients signed an informed consent form. Our study conformed to the Declaration of Helsinki.

The included patients were randomly assigned to one of two groups (QR code and control groups). A total of 20
patients were allocated to each group. Randomization was performed by an independent data manager using a simple
method that employed a random number table. The patients were allocated in a 1:1 ratio into either QR code or control
groups using a sealed envelope to ensure concealment of the allocation sequence. An independent study nurse assigned
the patients into both groups.

Quick Response (QR) Code

We created two videos for patients with LDH or LSS and the videos were uploaded on YouTube (https:/www.youtube.com).

The video URLs were linked to QR codes. Two QR codes are created as stickers. QR code stickers attached to stiff paper were
provided to patients. We thoroughly educated the patients of QR code group on how to view the video using a smartphone
(Figure 1). We told the patients to perform home-based therapeutic exercises three or more days a week. The main purpose of
the exercise was to strengthen the lower back muscles.

The exercise program for LDH consisted of the following steps: 1. placed on the floor in the supine position, 2. rolling
up the pelvis (posterior tilting of the pelvis) in the supine position, 3. hip lifting from the supine position, 4. sitting up in
the supine position, 5. maintaining a quadrupedal position with the stomach tight, 6. raising the opposite arm and leg
from the quadrupedal position, 7. lying on one side and raise the legs, 8. maintaining the side plank position, 9. standing
up from a sitting position, and 10. from the supine position, lying on one's side, lowering legs under the bed, and getting
up. The exercise program for the LSS consisted of the following: 1. pulling both knees to the chest, 2. placing back on
the floor in the supine position, 3. lifting one leg with the knee bent in the supine position, 4. Raising legs with the knee
straight in the supine position, 5. cross-lifting of the opposite arm and leg in the supine position, 6. maintaining
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Figure | The process for the patients of quick response (QR) code group.

a quadruped position, and 7. leaning forward in a sitting position. Each exercise step was conducted with 3 sets of 10
repetition a day.

We explained the importance of lower back muscle exercise to the 20 patients in the control group and instructed the
patients to find the exercise method on the internet and perform the exercise following it. We did not provide QR codes to
the patients in the control group, and no information was given about specific internet sources. Also, any practice for the
exercise was not conducted for the patients of control group. The patients were asked to perform home-based exercises
for at least three days a week.

During the follow-up period of this study, no injection procedure was conducted, and oral medication for reducing
pain did not change in any of the 40 patients.

Outcome Measurements

The assessments during the pretreatment and follow-up periods were performed by one investigator (physiatrist) who was
blinded to the patient grouping. The measurements were conducted before initiating the study (initial) and at 1 and 2
months after initiating the study.

The primary outcome was the number of exercises per week. The scores of the NRS and Oswestry disability index
(ODI) were investigated as secondary outcomes.?>** The NRS was used to measure LBP and radicular leg pain. The ODI
consists of 10 questions and is used to evaluate functional disabilities caused by LBP.**> Each variable was rated on a 0—5
points scale and the total score ranged from 0 to 50. A high ODI score indicates a more severe functional disability
related to pain. We also evaluated the number of times each patient performed a therapeutic exercise for the lower back
muscles per week on average during the last month before each 1- and 2-month follow-ups. Additionally, we investigated
whether the QR code helped the patient perform the exercise. The NRS was investigated orally, and other outcomes were

investigated using a paper-based form.
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Statistical Analysis

Data were analyzed using the Statistical Package for Social Science (SPSS, v. 25.0, IBM Corporation, Armonk, NY).
Demographic data and outcomes were compared between the QR code and control groups using the Mann—Whitney
U and chi-square tests. We divided the patients in the QR code group into the regular exercise group (average >3 exercise
per week during the follow-up period of 2 months) and non-regular exercise group (average <3 exercise per week during
the follow-up period of 2 months). The intragroup comparison between outcomes at the initial and each follow-up was
evaluated using the Wilcoxon signed-rank test. Demographic data and outcomes of the regular exercise and non-regular
exercise groups were compared using the Mann—Whitney U-test and chi-square test. The level of statistical significance
was set at P<0.05.

Results

Comparison of Demographic and Baseline Data

No dropouts occurred during the study period. Figure 2 presents a CONSORT flow diagram. Sex, age, and initial
NRS and ODI scores were not significantly different between the QR code and control groups (age, p = 0.616; sex,
p = 0.752; initial NRS of LBP, p = 0.968; initial NRS of radicular leg pain, p = 0.776; initial ODI, p = 0.103)
(Table 1).

Intragroup Comparison

In the QR code group, NRS for LBP was significantly reduced at the 1- and 2-month follow-ups compared with the initial
score (NRS of LBP: 1-month, p = 0.025; 2-month, p = 0.007) (Table 1). In addition, compared with the initial NRS of
radicular leg pain and ODI, the scores at the 1-month follow-up were not significantly changed, however, the scores at

[ Enroliment ] Assessed for eligibility (n=40)

Excluded (n=0)

.| + Not meeting inclusion criteria (n=0)
"] + Declined to participate (n=0)

+ Other reasons (n=0)

Randomized (n=40)

l

¥ [ Allocation } v
Allocated to intervention (n=20) Allocated to intervention (n=20)
+ Received allocated intervention (n=20) + Received allocated intervention (n=20)
+ Did not receive allocated intervention (n=0) + Did not receive allocated intervention (n=0)
v [ Follow-Up ] v
A J
1-month lost to follow-up (n=0) 1-month lost to follow-up (n=0)
2-month lost to follow-up (n=0) 2-month lost to follow-up (n=0)
v [ Analysis ] v
Analysed (n=20) Analysed (n=20)
+ Excluded from analysis (n=0) + Excluded from analysis (n=0)
Figure 2 CONSORT flow diagram of participant flow through the trial.
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Table | Demographic Data and Findings at Follow-Ups of the Patients in quick response (QR) Code and Control Groups

QR Code Group | Control Group p-value (INTERGROUP Comparison,
(n =20) (n =20) QR Code Group vs Control Group)
Age (year) 583 % 143 60.6 £ 12.3 0.616
Sex (M:F) (n) 10:10 11:9 0.752
HLD:LSS (n) 6:14 6:14 1.000
Number of exercise per week (time)
I-month 2.1 £22 0.1 £03 0.002*
2-month 1819 0.0 £ 0.0 0.002*
NRS of LBP (score)
Initial 26 £0.7 2.7 £0.7 0.968
I-month 24+07 26 0.7 0.289
p-value (intragroup comparison, initial vs |-month) 0.025* 0317
2-month 22 +07 25+07 0.142
p-value (intragroup comparison, initial vs 2-month) 0.007* 0.083
NRS of radicular leg pain (score)
Initial 28 + 0.6 29 06 0.776
I-month 27 +£07 30+ 06 0.174
p-value (intragroup comparison, initial vs |-month) 0.083 0.157
2-month 25+07 29 06 0.091
p-value (intragroup comparison, initial vs 2-month) 0.034* 1.000
ODI (score)
Initial 139+ 1.7 147 £ 1.6 0.103
I-month 135 + 2.1 149 + 1.8 0.007*
p-value (intragroup comparison, initial vs |-month) 0.100 0.272
2-month 132 +£23 149 = 1.6 0.001*
p-value (intragroup comparison, initial vs |-month) 0.021* 0.160

Note: *p < 0.05.
Abbreviations: QR, quick response; M, male; F, female; HLD, herniated lumbar disc; LSS, lumbar spinal stenosis; NRS, numeric rating scale; LBP, lower back pain; ODI,
Oswestry disability index.

the 2-month follow-up were significantly reduced (NRS of radicular leg pain: 1-month, p = 0.083, 2-month, p = 0.034;
ODI:1-month, p = 0.100, 2-month, p = 0.021) (Table 1). While statistically significant, these NRS reductions may not be
clinically relevant because NRS only slightly decreased by 0.3 to 0.4 points.

In contrast, in the control group, the NRS and ODI scores at each follow-up were not significantly different from the
initial scores (NRS of LBP: 1-month, p = 0.317, 2-month, p = 0.083; NRS of radicular leg pain: 1-month, p = 0.157,
2-month, p = 1.000; ODI: p = 0.272, 2-month, p = 0.160) (Table 1).

Intergroup Comparison (QR Code Group vs Control Group)

In the intergroup comparison, at the 1- and 2-month follow-ups, the patients in the QR code group exercised more
frequently (1-month, p = 0.002; 2-month, p = 0.002), and ODI scores were lower in the patients in the QR code
group (l-month, p = 0.007; 2-month, p = 0.001) than in the control group (Table 1). However, the NRS scores for
LBP and radicular leg pain were not significantly different between the QR code and control groups (LPB:
I-month, p =0.289, 2-month, p = 0.142; radicular leg pain: 1-month, p =0.174, 2-month, p = 0.091) (Table 1).

Intergroup Comparison (Regular Exercise Group vs Non-Regular Exercise Group)

In the QR code group, eight patients exercised >3 times per week on average during the follow-up period and
were allocated to the regular exercise group. The other 12 patients performed the exercise on an average of <3
times per week or did not perform the exercise during the follow-up period and were allocated to the non-regular
exercise group. Sex, age, and initial NRS and ODI scores were not significantly different between the regular
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exercise and non-regular exercise groups (age, p = 0.115; sex, p = 1.000; initial NRS of LBP, p = 0.238; initial
NRS of radicular leg pain, p = 0.624; initial ODI, p = 0.851) (Table 2). The eight patients in the regular exercise
group showed a significant reduction in NRS of LBP and ODI at 1- and 2-month follow-ups, compared with the
initial scores (NRS of LBP: 1-month, p = 0.046, 2-month, p = 0.020; ODI: 1-month, p = 0.024, 2-month,
p = 0.014) (Table 2). The NRS of radicular leg pain was reduced at the 2-month follow-up, but not at the 1-month
follow-up (NRS of radicular leg pain: 1-month, p = 0.083, 2-month, p = 0.014) (Table 2). Among the 12 patients
in the non-regular exercise group, NRS and ODI scores at each follow-up were not significantly different from the
initial scores (NRS of LBP: 1-month, p = 0.317, 2-month, p = 0.157; NRS of radicular leg pain: 1-month,
p = 1.000, 2-month, p = 1.000; ODI: p = 0.317, 2-month, p = 0.317) (Table 2).

In the comparison between regular and non-regular exercise groups, at 1- and 2- month follow-ups, the patients in the
regular exercise group did exercise more frequently (1-month, p < 0.001; 2-month, p < 0.001), and at 2-month follow-up,
ODI scores were lower in the patients in the regular exercise group, compared with the patients in the non-regular
exercise group (p = 0.003) (Table 2). However, at the 1-month follow-up, the ODI scores were not significantly different
between the regular exercise and non-regular exercise groups (p = 0.082) (Table 2). In addition, the NRS scores of LBP
and radicular leg pain were not significantly different between the regular and non-regular exercise groups (LBP:
1-month, p =0.910, 2-month, p = 0.571; radicular leg pain: 1-month, p =0.571, 2-month, p = 0.082) (Table 2).

Table 2 Demographic Data and Findings at Follow-Ups of the Patients in Good Response and Poor Response Groups

Regular Exercise Non-Regular Exercise p-value (Intergroup
Group (n = 8) Group (n = 12) Comparison, Regular
Exercise Group vs
Non-Regular Exercise
Group)
Age (year) 505 £ 17.7 634 + 9.1 0.115
Sex (M:F) (n) 6:2 5:7 0.752
HLD:LSS (n) 35 39 0.642
Number of exercise per week (time)
I-month 43 % 1.6 06+ 1.0 <0.001*
2-month 38+ 1.2 1819 <0.001*
NRS of LBP (score)
Initial 29+04 24+09 0.238
I-month 24 +05 23+09 0910
p-value (intragroup comparison, initial vs |-month) 0.046* 0.317
2-month 20+ 05 23+09 0.571
p-value (intragroup comparison, initial vs 2-month) 0.020* 0.157
NRS of radicular leg pain (score)
Initial 29+04 28+08 0.624
I-month 2505 28 +£08 0.571
p-value (intragroup comparison, initial vs |-month) 0.083 1.000
2-month 2.1 +04 28+08 0.082
p-value (intragroup comparison, initial vs 2-month) 0.014* 1.000
ODI (score)
Initial 13.6 + 0.9 14.0 + 2.1 0.851
I-month 12.5 £ 0.9 142 + 2.4 0.082
p-value (intragroup comparison, initial vs |-month) 0.024* 0317
2-month 11.6 £0.9 142 +23 0.003*
p-value (intragroup comparison, initial vs 2-month) 0.014* 0317

Note: *p < 0.05.
Abbreviations: M, male; F, female; HLD, herniated lumbar disc; LSS, lumbar spinal stenosis; NRS, numeric rating scale; LBP, lower back pain; ODI, Oswestry disability index.
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Discussion
We applied QR codes to patients with LDH or LSS to encourage home-based therapeutic exercise for the lower back
muscles and evaluated its effectiveness compared with the control group.

In clinical practice, clinicians emphasize that therapeutic exercise is essential for the treatment of pain and prevention
of aggravation of lumbar spine pathologies, and most patients with degenerative spinal disorders usually do not perform
the therapeutic exercise. Therefore, encouraging patients to perform therapeutic exercises for the lower back muscles is
important for clinicians. In our study, when we asked patients to perform the therapeutic exercise without providing any
information on exercise, nearly no patients performed therapeutic exercise. On the other hand, the patients in the QR
code group exercise the lower back muscles, on average, about two times a week. We asked the patients to perform
home-based exercise three or more days a week, and 40% of the patients in the QR code group performed the exercise
three or more days per week. This result suggests that providing the QR code linked to the video of an exercise for the
lower back muscles is an effective method to encourage patients with LDH or LSS to perform a home-based therapeutic
exercise.

In addition, in the patients who received the QR code, LBP, radicular leg pain, and disability related to LBP, measured
with the ODI, were significantly reduced in follow-up evaluations. Moreover, compared with the control group,
significantly less disability related to LBP was observed at the 1-month and 2-month follow-ups. However, despite
statistically significance, the degrees of improvement of NRS and ODI scores were minimal. Therefore, we cannot
confirm that pain and disability of patients in the QR code group were actually improved clinically.

In addition, patients who performed the exercise >3 times per week showed reduced LBP, radicular leg pain, and
disability. However, patients who exercised <3 times per week showed no significant improvement in LBP, radicular leg
pain, and disability. The patients who exercised >3 times per week showed less disability related to LBP at the 2-month
follow-up than those who exercised <3 times per week. Our results indicate that home-based therapeutic exercise for the
lower back muscles is effective for controlling pain related to LDH or LSS and reducing disability related to LBP. In
particular, home-based therapeutic exercise has positive clinical effectiveness in improving disability. However, its
positive therapeutic effect was only observed when a patient exercised regularly, >3 times per week.

In our results, in the comparison between the QR code and control groups, although the ODI score in the QR code
group was significantly reduced compared to the control group, the NRS score was not significantly reduced. The NRS
score in the QR code group tended to be lower than that in the control group, but the difference was not statistically
significant. While the ODI score ranged from 0 to 50, the NRS score ranged from 0 to 10.'®! Therefore, we think that
the ODI score is more likely to change to a larger degree than the NRS. If the number of included subjects was larger in
our study, a significant intragroup difference in NRS score would have also been shown.

Recently, QR codes have been used in various fields such as finance, payments, authentication, and transportation.>* =
QR codes have the advantage of being able to contain a lot of information in a small space, and even if some part of the code
is damaged, the code can be read to some extent.’>*' Therefore, QR codes containing useful information can be easily
provided to patients, and patients can conveniently store and use them. In addition, the rapid speed of reading the
information in the QR code can be attributed to its practical and wide use. We applied the QR code to inform how to do
the home-based therapeutic exercise for patients with LDH and LSS, and our study is the first to demonstrate its usefulness
in clinical practice. However, our study had some limitations. First, only a small number of patients were included in the
study. Second, we did not compare the clinical effects of home-based exercise in the QR code group with those of hospital-
or center-based exercises. Third, The detail information of exercise compliance of each patient (exercise sets and repetitions
per a day) was not investigated. Fourth, sample size could not be calculated before the study given the absence of available
comparable data in literature. The primary endpoint of our study was the number of exercises per week. Post-hoc analysis of
the power for the primary endpoint between the QR code and control groups showed a high power of 0.98. Fifth, the
information on the exercise was not provided enough to the patients of control group. Lastly, our study was non-blinded,
therefore there is likely a placebo effect favoring the intervention group. Further studies are warranted to address these
limitations.
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Conclusion

In conclusion, we found that QR codes can be useful for encouraging patients with LDH or LSS to perform home-based
therapeutic exercises. We believe that the QR code can be applied in various musculoskeletal disorders, such as adhesive
capsulitis, supraspinatus tendinopathy, epicondylitis, herniation of the cervical disc, and cervical spinal stenosis.
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