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Objective To compare the convenience and effectiveness of the existing lumbosacral orthoses (LSO) (classic LSO and Cybertech) and
a newly developed LSO (V-LSO) by analyzing postoperative data.

Methods This prospective cohort study was performed from May 2019 to November 2019 and enrolled and analyzed 88 patients with
degenerative lumbar spine disease scheduled for elective lumbar surgery. Three types of LSO that were provided according to the
time of patient registration were applied for 6 weeks. Patients were randomized into the classic LSO group (n=31), Cybertech group
(n=26), and V-LSO group (n=31). All patients were assessed using the Oswestry Disability Index (ODI) preoperatively and underwent
plain lumbar radiography (anteroposterior and lateral views) 10 days postoperatively. Lumbar lordosis (LS angle) and frontal
imbalance were measured with and without LSO. At the sixth postoperative week, a follow-up assessment with the ODI and orthosis
questionnaire was conducted.

Results No significant differences were found among the three groups in terms of the LS angle, frontal imbalance, ODI, and orthosis
questionnaire results. When the change in the LS angle and frontal imbalance toward the reference value was defined as a positive
change with and without LSO, the rate of positive change was significantly different in the V-LSO group (LS angle: 41.94% vs. 61.54%
vs. 83.87%; p=0.003).

Conclusion The newly developed LSO showed no difference regarding its effectiveness and compliance when compared with the
existing LSO, but it was more effective in correcting lumbar lordosis.
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Lumbosacral Orthoses in Early Spine Surgery Patients

INTRODUCTION

The traditional decompression and fusion procedure of
the lumbar spine has been steadily increasing recently,
and postoperative bracing (lumbosacral orthosis [LSO])
is commonly used after surgical treatment of lumbar de-
generative conditions [1-3]. A previous study showed that
56%-59% of surgeons routinely consider postoperative
bracing after at least one type of lumbar procedure [4,5].
An LSO is used to reduce pain and employed as a non-
surgical treatment of the spine by immobilizing a motion
segment and unloading the forces on that spine segment
by serving as a kinesthetic reminder and elevating intra-
abdominal pressure [6,7]. Despite its beneficial effects, it
has some disadvantages. Immobilization induced by LSO
may cause weakness in the back muscles and other low
back pain [7-12]. In addition, skin-related complications
such as pressure sores and wound problem can occur,
and patients may complain of discomfort when wearing
LSO. Considering these points, our orthosis and prosthe-
sis center developed a new LSO (V-LSO) to help postop-
erative patients with lumbar degenerative conditions.

Two existing LSOs, namely, the classic lumbosacral
corset and Cybertech spine brace (Bio Cybernetics Inter-
national, Pasadena, CA, USA), were selected for compari-
son with the newly developed LSO. The classic LSO has
been used by several surgeons for postoperative immo-
bilization, but fitting it generally requires more than one
visit to a skilled orthotist and adjusting it by oneself is
difficult. Moreover, the pressure tends to be concentrated
on the three buckles located in the front if not applied
evenly. The Cybertech spine brace was made more com-
fortable to fit and easy to wear without assistance, but it
is made of soft materials and has a smaller width to ac-
commodate pressure [13]. To compensate for the short-
comings of the existing LSO, our orthosis and prosthesis
center developed a new LSO to improve the comfort of
the wearer and enhance its effectiveness. The V-LSO has
a system without buckles that can be tightened by the pa-
tient independently, so it can apply pressure evenly and
widely and it is easy to wear.

This study aimed to compare the convenience and ef-
fectiveness of existing LSOs (classic LSO and Cybertech)
and the V-LSO.

MATERIALS AND METHODS

Participants

Between May 2019 and November 2019, 90 patients
with degenerative lumbar spine disease scheduled for
elective lumbar surgery such as laminectomy, discec-
tomy, and posterior spinal instrumented fusion (PSIF) in
the Departments of Orthopedic Surgery and Neurosur-
gery were enrolled in this study. Other inclusion criteria
were as follows: age >65 years with lumbar degenerative
disease with no neurological abnormalities and ability to
walk with or without walking aids such as cane or walker.
The exclusion criteria were as follows: patients with
cognitive disorder; patients who could not complete the
questionnaire; patients with a history of lumbar surgery;
patients undergoing treatment for trauma or infection,
compression fracture, spinal cancer, or metastatic can-
cer; and patients with systemic infection.

A total of 90 patients undergoing lumbar surgery for lum-
bar degenerative conditions were enrolled to participate in
the study. One patient who could not continue the follow
and another patient with cardiovascular disease were ex-

Lumbar surgery patients for
degenerative lumbar disease (n=90)

Excluded (n=2)
- Follow-up loss (n=1)
- Heart disease (n=1)

| Randomization (n=88) |

Allocation

Group 1 (n=31) Group 2 (n=26) Group 3 (n=31)

(classic LSO) (Cybertech) (V-LSO)
v v v

| Baseline evaluation: demographic/preoperative ODl/surgery type |
v

| After surgery, each brace is applied within 1 day |
v

| 10 days after surgery, radiographic evaluation |
v

6 weeks after surgery, postoperative ODI and orthosis
questionnaire evaluation

Data analysis

Fig. 1. Flowchart of the study. LSO, lumbosacral orthoses;
V-LSO, a newly developed LSO; ODI, Oswestry Disability
Index.
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cluded. Thus, data of a total of 88 patients were analyzed.
For randomization, three types of LSO were provided
depending on the time of patient registration and each
LSO was applied for 6 weeks from the day of provision.
Participants were randomized into three groups according
to the types of LSO allocation: classic LSO group (n=31),
Cybertech group (n=26), and V-LSO group (n=31) (Fig. 1).

Intervention

LSO can be rigid and flexible based on their material
composition. Clinically, rigid LSO showed superior heal-
ing effect than flexible ones [14]. However, the use of
rigid LSO has low compliance rate because of impaired
respiration and the cumbersome nature of the LSO [6].
On the contrary, the flexible LSO are easy to move and
wear as they have less movement restriction than rigid
LSO [15]. Classic LSO are semi-rigid, have four plastic
backstays, and can be fastened and tightened with straps
and three buckles. The Cybertech brace has heat-molded
back frame and two-hand pull system to compress it. The
V-LSO is consists of inner and outer braces. The V-LSO
is generally provided with a combination of inner and
outer, as shown in Fig. 2C, and is worn in the same way as
Cybertech. The inner brace has four plastic back panels
and front abdomen support. The outer brace is made of
mesh materials and has a self-tighten pulley system. The
outer brace comes in large, medium, and small sizes, so
different sizes of brace can be used depending on the pa-
tient’s physique. Each brace is basically attached to each
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Fig. 2. The three types of lumbo-
sacral orthoses (LSO): (A) classic
lumbosacral corset, (B) Cybertech
spine brace, and (C) a newly de-
veloped LSO (V-LSO).

Fig. 3. The three types of lumbosacral orthoses (LSO)
braces: (A) classic LSO, (B) Cybertech, and (C) a newly
developed LSO (V-LSO). Each brace is basically attached
to each other by Velcro corresponding to the red arrow,
and it is recommended to be used in a combined form.

other by Velcro corresponding to the red arrow of Fig. 3,
and it is recommended to be used in a combined form.
However both the outer and inner can be worn alone by
patients with mild symptom. In this study, the inner and
outer braces were combined. The three LSO types are
shown in Fig. 2, and the two components of the V-LSO
are shown in Fig. 3.
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Assessment

All patients in the three groups wore LSO most of the
time for 6 weeks after surgery, except during hygiene ac-
tivities, sleep, and wound dressing.

All patients were assessed by plain lumbar radiography
(anteroposterior and lateral views) after 10 days of sur-
gery with and without LSO. The LS angle (mean value of
the normal range, 41.1°+7.7°) and frontal imbalance were
compared using radiograph data (Fig. 4). The LS angle
was measured from the lumbar plain radiographs (lateral
view) using Ferguson’s technique, and it was defined as
the angle that formed between the plane of the superior
surface of the S-1 [16]. The LS angle is important in evalu-
ating a patient’s lumbar lordosis that may cause low back
pain, disability, or degenerative disorder [16-21]. Frontal
imbalance was defined based on the angle between the
line passing through the endplate centers and the vertical
gravitational line and measured from plain lumbar radio-
graphs (anteroposterior view). This means that the global
spine shape was straightened because of an increase in
the abdominal pressure induced by the LSO [22]. In this
study, the change in the LS angle and frontal imbalance
towards the reference value (LS angle mean value of the
normal range, 41.1°+7.7° [16]; frontal imbalance, 0°) was
defined as positive change with and without LSO, con-
versely away from reference value is defined as negative
change.

To exclude the effect of surgery on the satisfaction of
using the LSO, all patients completed the Oswestry Dis-
ability Index (ODI) preoperatively, and at the sixth post-
operative week, follow-up ODI assessment and orthosis
questionnaire were completed. ODI is a good tool for
measuring patient’s low back functional disability. It
consists of 10 questions, with a total score of 50 points,
but if one question about sex life is missed, the scores are

Fig. 4. Plain lumbar radiographs
of lateral views (A, B) and antero-
posterior views (C, D) after 10
days of surgery with and without
LSO. The LS angle and frontal
imbalance were compared using
radiograph data.

Orthosis questionnaire
1 - strongly disagree; 2 - disagree; 3 — neutral; 4 — agree; 5 - totally agree

Comment:
The orthosis: 12 3 4°5
1. ...is comfortable 12 3 4 5
2. ...causes no pain 12 3 4 5
3. ...does not pinch 1 2 3 4 5
4. ...can easily be worn under clothes 12 3 4 5
5. ...can easily be kept clean 12 3 4 5
6. ...is easy and quick to use 12 3 4 5
7. ...Is sustainable 12 3 45
8. ...does not hinder gait 12 3 45
9. ...does not hinder standingup fromachair 1 2 3 4 5
10. ...does not hinder sitting down 12 3 4 5
11. ...does not hinder stair climbing 12 3 4 5
12. ...does not hinder forward bending 12 3 4 5
13. ...does not hinder backward bending 1 2 3 45
14. ...does not hinder lateral bending 12 3 4 5
15. ...does not interfering breathing 12 3 4 5

Fig. 5. The orthosis questionnaire consists of 15 questions,
including whether the patient is comfortable, whether the
orthosis interfered with movement, and whether breath-
ing is uncomfortable.

converted to percentage [23,24]. Each question is given 5
points: the closer the score to 5 points, the more uncom-
fortable and severe is the functional disability.

The orthosis questionnaire consists of 15 questions, in-
cluding whether the patient is comfortable, whether the
orthosis interfered with movement, and whether breath-
ing is uncomfortable. The orthosis questionnaire has
a total score of 75 points, with 5 points per question. A
score of 1 point means very uncomfortable, and 5 points
means very convenient. Thus, a higher total score indi-
cates that the LSO is easier and comfortable to use [25]

(Fig. 5).

IRB approval
This study was approved by the Institutional Review

Www.e-arm.org 27



Soo Woong Jang, et al.

Board of Veterans Health Service Medical Center (No.
2019-01-042). All patients signed an informed consent
form.

Statistical analysis

Statistical analyses were performed using R software
version 3.6.3 (R Foundation, Vienna, Austria). All data are
presented as meantstandard deviation or number with
percentage. Demographic characteristics (sex, age, body
mass index [BMI], surgery type, and level), LS angle, and
frontal imbalance and ODI and orthosis questionnaire
results were compared using Fisher exact test or chi-
square test for categorical variables, and one-way analy-
sis of variance was used for continuous variables among
the three groups. The level of statistical significance was
set at p<0.05.

RESULTS

Characteristics of the study population

Of the total 88 patients, 74 were men and 14 were
women, with an average age of 71.56+8.03 years, aver-
age admission duration of 16.14+14.43 days, and average
BMI of 25.51+3.60 kg/m®. The demographics and char-
acteristics of the three groups were analyzed and results
shown in Table 1. No significant difference was found in
the sex ratio (p=0.445), age (Classic LSO vs. Cybertech
vs. V-LSO, 70.61+9.15 vs. 71.54+9.80 vs. 72.55+5.16 years;
p=0.651), admission duration (17.90+13.70 vs. 12.04+8.51

Table 1. Demographics and characteristics

vs. 18.48+21.09 days; p=0.245), and BMI (26.01+3.27 vs.
25.73+3.98 vs. 24.79+3.56 kg/mz; p=0.379) were found
among the three groups. When patients were divided into
decompression alone and combination decompression
and fusion, no significant difference was found among
three groups (22:9 vs. 22:4 vs. 25:6; p=0.428). No signifi-
cant statistical difference was also noted when the surgi-
cal level was divided into single and multiple levels (16:15
vs. 15:11 vs. 17:14; p=0.899).

Overall, no significant statistical differences in the de-
mographics and characteristics were observed among
the three groups.

Comparison of the radiographic findings

Differences in the LS angle and frontal imbalance with
and without LSO among three groups are presented in
Table 2. No significant difference was found between
the three groups in terms of the LS angle with LSO
(30.31°+7.21° vs. 27.60°£7.99° vs. 29.49°+5.58°; p=0.334),
LS angle without LSO (30.02°+8.20° vs. 28.48°+6.10° vs.
31.91°+5.22° p=0.086), frontal imbalance without LSO
(3.51°£2.31° vs. 2.60°+2.06° vs. 2.88°+2.31° p=0.291), and
frontal imbalance with LSO (2.87°+2.12° vs. 2.69°+1.71°
vs. 2.34°£1.41°; p=0.494). When the change in the LS
angle and frontal imbalance towards the reference value
(LS angle mean value of the normal range, 41.1°+7.7° [16];
frontal imbalance, 0°) was defined as positive change
with and without LSO, the ratio of the positive change
in the LS angle was significantly different in the V-LSO

Classic (n=31) Cybertech (n=26) V-LSO (n=31) p-value

Sex 0.445

Male 28 (90.62) 22 (84.62) 24 (78.12)

Female 3(9.68) 4(15.38) 7 (22.58)
Age (yr) 70.61+9.15 71.54+9.80 72.55+5.16 0.651
Admission duration (day) 17.90+£13.70 12.04+8.51 18.48+21.09 0.245
BMI (kg/m?) 26.01+3.27 25.73+3.98 24.79+3.56 0.379
Surgery type 0.428

Decompression without fusion 22 (70.97) 22 (84.62) 25 (80.65)

Interbody fusion 9(29.03) 4(15.38) 6(19.35)
Surgery level 0.899

Single level 16 (51.61) 15 (57.69) 17 (54.84)

Multilevel 15 (48.39) 11 (42.31) 14 (45.16)

Values are presented as meantstandard deviation or number (%).
BMI, body mass index; V-LSO, a newly developed lumbosacral orthoses.
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Table 2. Comparison of radiographic findings, ODI and orthosis questionnaire

Classic (n=31) Cybertech (n=26) V-LSO (n=31) p-value

LS angle

No brace 30.31+7.21 27.60£7.99 29.49+5.58 0.334

Brace 30.02+8.20 28.48+6.10 31.91+5.22 0.086
Frontal imbalance

No brace 3.51+2.31 2.60+2.06 2.88+2.31 0.291

Brace 2.87+2.12 2.69+1.71 2.34+1.41 0.494
LS angle change 0.003*

Negative change 18 (58.06) 10 (38.46) 5(16.13)

Positive change 13 (41.94) 16 (61.54) 26 (83.87)
Frontal imbalance 0.048*

Negative change 9(29.03) 16 (61.54) 14 (45.16)

Positive change 22 (70.97) 10 (38.46) 17 (54.84)
Preoperative ODI 51.43+14.10 49.83+15.61 57.75%£17.10 0.128
Postoperative ODI (6 weeks) 39.31+£18.35 33.95+17.47 38.32+25.06 0.595
Orthosis questionnaire 58.06+9.88 63.58+11.84 59.81+11.30 0.167

Values are presented as mean+standard deviation or number (%).
ODI, Oswestry Disability Index; LS, lumbosacral; V-LSO, a newly developed lumbosacral orthoses.

*p<0.05.

group (LS angle 41.94% vs. 61.54% vs. 83.87%; p=0.003).
Moreover, significant difference was noted in the fron-
tal imbalance in the classic group (frontal imbalance,
70.97% vs. 38.46% vs. 54.84%; p=0.041).

Results of the comparison between the ODI and orthosis
questionnaire

Differences in the ODI before and after surgery in
all groups were statistically significant (51.43+14.10
vs. 39.31+18.35, p=0.001; 49.83+15.61 vs. 33.95+17.47,
p=0.002; 57.75+17.10 vs. 38.32+25.06, p=0.015). No statisti-
cally significant differences were found in the preopera-
tive ODI (51.43+14.10 vs. 49.83+15.61 vs. 57.75+17.10;
p=0.128), ODI at the sixth postoperative week (39.31+18.35
vs. 33.95+17.47 vs. 38.32+25.06; p=0.595), and the ortho-
sis questionnaire results (58.06+9.88 vs. 63.58+11.84 vs.
59.81+11.30; p=0.167) (Table 2).

DISCUSSION

In this study, the effectiveness of three types of LSO ap-
plied within 1 day after lumbar surgery was compared.
No significant differences in the LS angle, frontal imbal-
ance, preoperative ODI, ODI at the sixth postoperative
week, and orthosis questionnaire results were found

among the LSO. However, in a comparison of the ratio of
patients whose LS angle and frontal imbalance were clos-
er to normal after the application of an LSO, the V-LSO
was found to achieve better correction of the LS angle
than the other LSO. This suggests that the V-LSO applies
pressure throughout the abdomen and the back more
evenly and supports the back and flank more effectively
than the existing LSO.

Tuong et al. [22] investigated 28 healthy adults wearing
semi-rigid LSO, and the radiographic findings confirmed
that the LSO tended to reduce vertebral mobility and dis-
cal deformations mainly at the upper segments (L1-L3).
Moreover, Utter et al. [26] showed that intervertebral mo-
tion reduction effect was confirmed in 10 healthy adults
by videofluoroscopic analysis. The trend of lordosis cor-
rection effects confirmed by radiography in the present
study was the same as in these previous studies.

In the present study, significant differences were found
between preoperative and postoperative ODI among the
three groups. These were thought to be caused by sur-
gery, but no significant differences were observed in the
ODI among the three groups, which was used to assess
the functional aspect of the LSO. The mean ODI scores
were improved by surgery; however, the postoperative ef-
fects of wearing LSO among the three types were not dif-
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ferent.

No significant differences were observed in the orthosis
satisfaction questionnaire assessing compliance. These
were also thought to occur because patients were not us-
ing all braces and all three braces were compared. The
result of our study suggests that the newly developed LSO
is functionally comparable with the existing LSO in terms
of pain relief and convenience.

The reason why there were no significant postoperative
differences between the postoperatively applied LSO may
be related to why LSO was applied postoperatively in the
first place. Previous studies have compared non-surgical
and postoperative patients with LSO or without LSO and
showed variable and controversial results [1,3,5,27,28].
Soliman et al. [1] analyzed 43 patients who underwent
PSIF for lumbar degenerative conditions and reported
that postoperative bracing did not show better improve-
ment in the quality of life and pain relief. A meta-analysis
has also shown that bracing after lumbar surgery for
degenerative disease did not correlate with an improve-
ment in outcome [29].

Other previous studies comparing LSO types focused
on the healthy population, not patients [22,26]. A study
compared LSO types in patients after surgery, but three
LSOs were applied 3 months after surgery on the same
day, unlike in our study where one LSO were applied
within 1 day after surgery [13]. We believed that our re-
sults are meaningful: although previous studies mainly
compared the effects of LSO between patients who used
an LSO after surgery and those who were not, we com-
pared three types of LSO among patients who required
an LSO after a lumbar surgery.

This study has a few limitations. First, it is not a ran-
domized controlled trial. Although randomization was
necessary, patients were divided into three groups ac-
cording to their enrollment dates, and the patients in
each group were given the same type of LSO during the
same period to prevent any patient complaints regarding
the LSO design. Additionally, since patients scheduled
for different types of lumbar surgery including laminec-
tomy, discectomy, and PLIF were included rather than
patients scheduled for one specific type of surgery, we
could not accurately assess the effects of and patient sat-
isfaction with the LSO. Finally, quantitative measurement
tools such as using sensor for measuring the pressure
within an LSO were not used in addition to radiography
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and questionnaire assessments. Nevertheless, this study
is meaningful as it compared LSO types for early postop-
erative patients. Further studies are warranted on the re-
liability and validity of the sensor-based intra-abdominal
measurement in healthy individuals wearing LSOs, and
future research could include sensor-based measure-
ments, radiography, and questionnaire assessments con-
ducted in a larger cohort.

In conclusion, the newly developed LSO by our ortho-
sis and prosthesis center showed no difference in its ef-
fectiveness and compliance compared with the existing
LSOs. When the change in the LS angle toward the refer-
ence value was defined as a positive change with and
without LSO, the ratio of the positive change was signifi-
cantly different in the V-LSO group. This means that the
V-LSO was more effective in correcting lumbar lordosis.
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