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Abstract

Study Design—Single blinded, randomized clinical trial for the evaluation of lumbosacral
orthoses (LSOs) in the management of lower back pain (LBP).

Objective—To evaluate the effects of two types of LSO on self-rated disability in patients with
lower back pain.

Summary of Background Data—LSOs are commonly used for the management of LBP, but
their effectiveness may vary due to design. An inextensible LSO (iLSO) reduce trunk motion and
increases trunk stiffness, whereas an extensible LSO (eLSO) does not.
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Methods—98 participants with LBP were randomized to three groups: 1) Standard care group
(SC), which included medication and physical therapy (n=29), 2) SC with eLSO (eLSO group)
(n=32), and 3) SC with iLSO (iLSO group) (n=37). Outcome measures were evaluated before and
after 2 weeks of treatment: modified Oswestry Disability Index (ODI), Patient Specific Activity
Score (PSAS), pain ratings, and Fear and Avoidance Beliefs Questionnaire (FABQ).

Results—There were no statistically significant differences between groups at baseline.
Compared to the SC alone, iLSO group showed greater improvement on the ODI scores (p=.01),
but not the eLSO group. The ODI scores improved by a mean of 2.4 (95% Cl -2.2, 7.1), 8.1 (95%
Cl 2.8,13.4), and 14.0 (95% Cl 8.2, 19.8) points for SC, eLSO, and iLSO groups respectively.
Individuals wearing the iLSO had 4.7 times higher odds of achieving 50% or greater improvement
in the ODI scores compared to those assigned to SC (95% ClI 1.2, 18.5, p=0.03). Both the eLSO
and iLSO groups had a greater improvement in the PSAS scores compared to SC (p=.05 and p=.
01, respectively), but the change did not meet the minimal clinically important difference. Pain
ratings improved for all three groups, with no statistical difference between them. Finally, no
significant differences across groups were found for the FABQ.

Conclusions—An iLSO led to greater improvement in ODI scores in comparison with SC and
an eLSO. We surmise that the likely mechanism responsible for this difference in outcome was the
added trunk stiffness and motion restriction by the iLSO.

Keywords

back pain; low back pain; randomized clinical trial; brace; lumbar belt; rehabilitation; back
supports; lumbar supports; recurrent low back pain

INTRODUCTION

Lumbosacral orthoses (LSOs) are relatively inexpensive modalities that are commonly used
in the management of LBP.1: 2 Several theories are proposed for how LSOs might be
effective in alleviating LBP: reducing range of motion,3-10 improving proprioception or
kinesthesia,11-1° and stiffening of the trunk.3: 4 7 13.16-18 |ncreased trunk stiffness and
limited range of trunk motion have been demonstrated in response to trunk perturbations
when wearing a LSO.3: 16.19. 20 The added stiffness could reduce the overall demand on
trunk muscle activity during activities of daily living, preventing muscle fatigue from
compounding the symptoms of LBP.19: 21. 22 This mechanism of LSO function could be
especially effective in individuals with LBP who present with the loss of spinal stiffness23-28
or demonstrate aberrant spinal motions on fluoroscopic imaging.2® Augmentation of trunk
stiffness depends on the LSO design and material properties. Cholewicki, et al. evaluated
two types of LSOs: an extensible LSO (eLSO) made of neoprene and lycra and an
inextensible LSO (iLSO) made of polyester and nylon.20 The material properties of the
iLSO were much stiffer than the eLSO. The iLSO decreased trunk displacement with
perturbation and increased trunk stiffness by 14%, while there was no difference in trunk
displacement or stiffness with using the eLSO compared to a ho-LSO condition.

Studies that evaluated clinical outcomes with LSOs have not described the stiffness
properties of the LSOs used and thus, their effectiveness in augmenting trunk stiffness is
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unknown. The use of LSOs has been compared to no intervention,39-37 and other
interventions. 31 33. 35, 36, 38,39.40 The conclusion from the Cochrane Back Review Group
about such studies to date is that it remains unclear whether LSOs are effective in treating
LBP.1 The LSO type may explain this conclusion. Therefore, there is a need for additional
high quality randomized clinical trials (RCT) that examine the influence of LSO
characteristics on clinical outcomes.!

The purpose of this study was to compare the short-term clinical outcome between patients
with LBP using an iLSO or eLSO along with standard care (SC). Both LSO groups were
also compared to a group receiving SC only. While trunk stiffness has been demonstrated to
increase with the iLSO and not with the eL.SOZC used in this study, there are no data
comparing the clinical outcomes between these two specific designs of LSOs. Our
hypothesis was that the iLSO would produce greater short-term (two weeks) improvement in
self-perceived disability and pain due to LBP compared to eLSO or SC alone.

MATERIALS AND METHODS

Trial design

The study is a RCT using an intention to treat analysis, approved by an Institutional Review
Board. Following signing an informed consent and HIPAA authorization, participants were
randomized into one of three intervention groups: 1) SC (Table 1) 2) SC + eL SO, and 3) SC
+iLSO. Participants received two weeks of physical therapy from the time of entering into
the study with the treatment frequency at the discretion of the physician or physical therapist
(PT). Participating clinicians were encouraged to use a classification-based treatment
approach,*1: 42 but were allowed to determine the actual treatment to reflect real-world
clinical outcomes.

Treatment group assignments were randomized using an online random number generator
(RANDOM.ORG). Clinicians were given a key for group assignment based on the random
number. The random number was placed in a sealed standard white opaque envelope.
Envelopes provided to the clinicians were numbered consecutively from 1 through 50, so the
clinician did not know the group assignment until the envelope was opened after the consent
was signed. The numbered envelopes were matched to patients sequentially as they sought
care. The participants receiving a LSO were not told what type of LSO they were given.

Participants were treated by five PTs, with each having more than 10 years of experience.
Each PT had advanced qualifications: three board certified in orthopaedic physical therapy,
four certified in manual orthopaedic physical therapy, and one certified in the McKenzie
method. All PTs received an initial one-hour training session and a video about the
procedures for the study. Periodic meetings were held throughout the study to review the
procedures.

Participants

Inclusion criteria were 18 years of age or older, with a primary report of acute, sub-acute, or
chronic LBP. Exclusion criteria are listed in Table 2.
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Examination and Intervention

Participants completed a review of systems, a history, symptom rating on a 0 to 10 numeric
scale, and outcome measures to be described later. A standardized examination was
performed.

Participants receiving a LSO received either an eLSO (Mueller Sports Medicine, Inc.,
Prairie du Sac, WI, USA), or an iLSO (QuickDraw Pro, Aspen Medical Products Inc., Long
Beach, CA, USA). Both groups were given standardized instruction on donning and
adjusting the LSO; and were instructed to wear it daily, particularly during activities that
were noted to aggravate symptoms.

Outcomes measures

The primary outcome measure was the modified Oswestry Disability Index (ODI).43
Secondary outcomes were the Patient Specific Activity Scale (PSAS), the Fear Avoidance
Beliefs Questionnaire (FABQ) for both work (FABQ_W) and physical activity (FABQ_PA),
and reported worst, best, and present levels of pain with a Numerical Pain Rating Scale
(NPRS).

The modified ODI was used to measure self-reported disability.** The minimal clinically
important difference (MCID) has been reported to be from six#° to 10 points.*>-47 In
addition, a 50% reduction or greater in the ODI scores has been considered a rigorous
clinically important outcome.*8 The PSAS required the participant to record a minimum of
three activities that aggravated symptoms on a scale from 0 (could not do the activity
because of symptoms) to 10 (no problem or symptoms with the activity). The PSAS has
been shown to be responsive to improvement with LBP.44 The MCID for the PSAS for
patients with chronic LBP is 1.4 to 2 points.*?

The Numerical Pain Rating Scale (NPRS)0 was used to record the patient's level of pain
using an 11-point ordinal scale ranging from 0 “no pain” to 10 “worst pain imaginable.”
Change in score between 1.5 and 2.4 represents the MCID.%>: 49 The FABQ®! has two
sections of questions (work and physical activity) and was used to quantify the patient's fear
of pain and beliefs about avoiding work and physical activity. We were unable to find data
related to the MCID for the FABQ.

Data Analysis

Data were analyzed using SAS version 9.2 based on an intention-to-treat analysis according
to the randomized group assignment using the last observation carried forward method. To
evaluate the effectiveness of the randomization scheme, treatment groups were compared in
terms of baseline demographic and clinical characteristics using chi-square and an analysis
of variance (ANOVA) for categorical and continuous variables respectively.

For the primary outcome, the effect of an iLSO versus an eLSO or SC alone were compared
based on the change in ODI scores across groups using an analysis of covariance
(ANCOVA) with treatment group as the main predictor adjusted for baseline ODI scores. To
determine the odds of treatment success, we fit a logistic regression model to predict success
using the more stringent 50% or greater improvement in ODI score criteria.*8 We also fit a
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separate logistic regression model using the MCID of 6 points to determine the odds of
outcome success by treatment group assignment.#’ Finally, we reported the number and
percentage of participants in each treatment group who achieved success at both the 50% or
greater and the 6-point MCID level.

The secondary outcomes PSAS, NPRS, the FABQ_W, and FABQ_PA were assessed for the
differences between groups using an ANCOVA similar to the model for the main outcome.
Separate ANCOVA models were fit with the change in score as the outcome and treatment
group as the primary predictor, adjusted for respective baseline scores. Additionally, for the
PSAS and NPRS, “success” was defined as a 2.0 and 2.4 or greater improvement
respectively at two-week follow up. We fit separate logistic regression models to compute
the odds ratio of a successful outcome by treatment group, first comparing each group
separately (i.e., iLSO vs. eLSO vs. SC), and secondly, comparing “any LSO” (either iLSO
or eLSO) to no LSO (SC group). The analyses for the FABQ_W and FABQ_PA were
conducted using the ANCOVA model only, because there are no data to determine a
successful versus unsuccessful treatment outcome using these scores.

Power and sample size calculations

RESULTS

Initial sample size and power calculations were performed based on results reported in the
literature and indicated that 50 patients per group would yield 97% power. However, we
were not able to recruit the full 50 participants per group, and recalculated the power using
the actual numbers. We found that with 29, 32, and 37 participants in the SC, eLSO, and
iLSO groups respectively, with an overall mean baseline ODI score of 36.8 and 16.1
standard deviation, we would have 80% power to detect a 6-point change between any pair-
wise group comparison.

Of the 148 participants screened, 98 met all eligibility requirements, gave informed consent,
and were randomized into one of the three groups (Figure 1). Treatment groups were well
matched with no significant differences in any baseline characteristics (Table 3). All 98
participants completed the 2 week study.

Participant Reported LSO Use

ODI

Across both LSO groups, 50 participants turned in a completed diary, 25 from each group.
The mean wearing time for the eLSO was 4.8 hours daily with 78% reporting wearing the
LSO daily. The mean wearing time for the iLSO was 5.0 hours per day, with 62% reporting
wearing the LSO daily. No adverse events were reported during the study.

The within-group mean improvement in ODI scores between baseline and follow up was 2.4
(95% CI1 -2.2, 7.1) for the SC group, 8.1 (95% CI 2.8, 13.4) for the eLSO, and 14.0 (95% ClI
8.2, 19.8) for the iLSO. Thus, the mean improvement in both the eLSO and iLSO treatment

groups reached the MCID (6-point change or greater), but not in the SC group (Figure 2 and
Table 4). Results of the ANCOVA to assess differences in treatment effects between groups
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suggested that participants in the iLSO group had greater improvement in the mean ODI
score compared to the SC group (Table 5).

At the more stringent 50% improvement threshold for success, 3 (10%), 5 (16%), and 13
(35%) of participants in the SC, eLSO, and iLSO group, respectively, reported a successful
outcome for the ODI. At the MCID of six points, 11 (38%), 19 (59%), and 24 (65%) of
participants in the SC, eL SO, and iLSO group, respectively, reported a successful outcome
for ODI (Table 6).

A separate logistic regression model for treatment success (50% or greater improvement)
versus unsuccessful treatment for the ODI, with success as the dependent variable and
treatment group as the independent variable, showed that individuals wearing the iLSO had
4.7 times higher odds of achieving success compared to those assigned to SC (95% ClI 1.2,
18.5). We then fit a similar logistic model using the six-point MCID improvement in ODI
score to define success. This model showed that participants in the iLSO group had 3.0
times higher odds of success compared to those in the SC group (95% CI 1.1, 8.3) (Table 7).

The mean improvements in PSAS scores between baseline and follow up for the SC, eLSO,
and iLSO groups were —0.4 (95% CI -1.3, 04), -1.2 (95% CI -1.9, -0.5), and -1.8 (95% CI
-2.6, —1.0) respectively. Therefore, none of the groups achieved the MCID in the mean
PSAS score of 2 points (Table 4). The ANCOVA revealed that participants in both the
eL.SO and iLSO group reported greater improvement in PSAS scores than participants in the
SC group (Table 5). Successful outcome was reported by 6 (21%), 10 (31%), and 13 (35%)
of participants in the SC, eLSO, and iLSO group respectively (Table 6). No significant
findings were noted in the logistic regressions to predict successful outcome (Table 7).

NPRS, FABQ_W and FABQ_A

All three groups met or exceeded the MCID in pain scores (Table 4). At this threshold, 16
(55%), 24 (75%), and 26 (70%) participants reported a successful outcome for NPRS in the
SC, eL SO, and iLSO group, respectively (Table 6). We found no significant differences
across groups in mean change in NPRS scores (Table 5) or in the odds of success (Table 7).
Lastly, no significant differences across groups were found for the FABQ_PA or the
FABQ W (Tables 4 and 5).

Number Needed to Treat

The number needed to treat (NNT) was calculated based on the ODI outcomes. We
calculated the NNT to achieve a 50% decline from baseline to follow-up (2 weeks)
including all participants. Comparing the iLSO group to SC, the NNT was 3.9 (95% Cl 2.2,
15.2), and comparing the eLSO group to SC, the NNT was 29.0 (95% CI 5.0, o0).
Comparing iLSO to eLSO the NNT was 6 (95% CI 2.5, o0)
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DISCUSSION

We examined two types of LSOs with known stiffness properties and known effects on
trunk stiffness.20 The results suggest that an iLSO would be beneficial as an additional
intervention to SC in the short-term for a number of patients with LBP. The iLSO group
yielded greater improvement in clinical outcomes compared to SC on the ODI, whereas the
eL.SO group did not differ from SC. Participants with improved ODI scores included
patients who were overweight, had high hip to waist ratios, high body mass indexes, and
with acute, subacute, and chronic LBP. Overall, 75% and 70% of participants in the eLSO
and iLSO groups respectively demonstrated improvement in the pain scores that met the
MCID, while only 55% met the MDIC in the SC group. Other studies have found similar
results.30: 35

The NNT with the iLSO indicates that for every four patients with LBP who receive an
iLSO, there should be one less outcome where the ODI fails to improve by at least 50%.
This result is difficult to compare to studies involving different outcome measurements and
thresholds.>2 The 50% change in the ODI appears to be a more rigorous threshold than used
in other studies.*® Future studies would benefit from the use of standardized outcomes
measurement tools for comparative treatment interpretations.

We surmise that the main mechanism for the difference seen in outcomes between the iLSO,
eL. SO, and the SC groups is due to the added trunk stiffness and motion limitation that the
iLSO provides. The augmentation of trunk stiffness with an iLSO is expected to lead to a
small reduction in trunk muscle activation.1® This hypothesis is supported with experimental
data.21: 22 Thus, an iLSO may reduce pain and improve function by reducing the activity of
spinal muscles that are over-active to produce intrinsic compensatory stiffness to the
spine.53-58 |n addition, aberrant intervertebral motion,24 28. 29 indicative of changes in
motor control, may well be the type of problem that will respond favorably to the addition of
extrinsic trunk stiffness. It is presently unknown what effect the style of orthosis, used in the
present study, has on individual segmental motions. However, it can be deduced from the
overall range of lumbar motion that the iLSO must reduce segmental motions at some spinal
levels.

Our intent was to blind participants to the type of the LSO they received, but we cannot be
assured that some participants did not deduce the type of orthoses they were using.
Participants were not informed which type of orthosis was hypothesized to provide best
results. The physical therapists were not blinded, and this potentially could bias the study.
However, outcomes were self-reported, not by a physician or physical therapist, which
should help to control for this bias.

In the present study, patients were not classified as to the type of LBP. Individuals with LBP
may have more favorable response when matched to an intervention that offers a high
probability for success.*1 42 Even without optimal patient selection, this study demonstrated
substantially better outcomes when iLSO was used in addition to SC when compared with
SC alone.
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While participants were taught how to don the LSO and were given specific instructions on
how to wear the LSO, we were unable to directly verify that LSOs were worn according to
the instructions, or that they did not displace on the subject during activity. None of the
participants reported discomfort with the LSO and the compliance rate of 62-78% was
similar to another study.38 Future investigations would benefit from automated logging to
monitor LSO use and dose-response.

It is important to study the long-term outcome with the use of a LSO, as well as patient
behavior if a LSO is readily available when LBP episode starts. Future studies determining
the mechanism for the LSO to assist with LBP may also provide insight into better design of
the LSOs. If the increase in stiffness is an important factor in improving function and
reducing disability, then specific interventions and behaviors that accomplish this along with
the short-term use of a LSO may provide improvement in the management for some aspects
of LBP.

Acknowledgements

The authors would like to thank Margaret Gee PT, Whitney Lee PT, Mark Rutledge PT, Christine C. Sanders,
Alexandra Hellams, Annie Simpson, PhD, and the Success Center at the Medical University of South Carolina for
their assistance.

REFERENCES

1. Van Duijvenbode I, Jellema P, VVan Poppel M, et al. Lumbar supports for prevention and treatment
of low back pain. Cochrane Database Syst Rev. 2011:2.

2. van Poppel MN, de Looze MP, Koes BW, et al. Mechanisms of action of lumbar supports: A
systematic review. Spine. 2000; 25:2103-2113. [PubMed: 10954643]

3. Lavender SA, Shakeel K, Andersson GB, et al. Effects of a lifting belt on spine moments and
muscle recruitments after unexpected sudden loading. Spine. 2000; 25:1569-1578. [PubMed:
10851108]

4. van Poppel MN, de Looze MP, Koes BW, et al. Mechanisms of action of lumbar supports: A
systematic review. Spine. 2000; 25:2103-2113. [PubMed: 10954643]

5. Krag MH, Fox J, Haugh LD. Comparison of three lumbar orthoses using motion assessment during
task performance. Spine. 2003; 28:2359-2367. [PubMed: 14560084]

6. Utter A, Anderson ML, Cunniff JG, et al. Video fluoroscopic analysis of the effects of three
commonly-prescribed off-the-shelf orthoses on vertebral motion. Spine. 2010; 35:E525. [PubMed:
20445478]

7. Jegede KA, Miller CP, Bible JE, et al. The effects of three different types of orthoses on the range of
motion of the lumbar spine during 15 activities of daily living. Spine. 2011; 36:2346-2353.
[PubMed: 21358469]

8. Axelsson P, Johnsson R, Strémaqyvist B. Effect of lumbar orthosis on intervertebral mobility: A
roentgen stereophotogrammetric analysis. Spine. 1992; 17:678-681. [PubMed: 1626301]

9. Norton PL, Brown T. The immobilizing efficiency of back braces their effect on the posture and
motion of the lumbosacral spine. The Journal of Bone & Joint Surgery. 1957; 39:111-220.
[PubMed: 13385269]

10. Tuong NH, Dansereau J, Maurais G, et al. Three-dimensional evaluation of lumbar orthosis effects
on spinal behavior. Journal of rehabilitation research and development. 1998; 35:34-42. [PubMed:
9505251]

11. McNair PJ, Heine PJ. Trunk proprioception: Enhancement through lumbar bracing. Arch Phys
Med Rehabil. 1999; 80:96-99. [PubMed: 9915379]

12. Newcomer K, Laskowski ER, Yu B, et al. The effects of a lumbar support on repositioning error in
subjects with low back pain. Arch Phys Med Rehabil. 2001; 82:906. [PubMed: 11441376]

Soine (Phila Pa 1976). Author manuscript; available in PMC 2015 October 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Morrisette et al.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Page 9

Cholewicki J, Shah KR, McGill KC. The effects of a 3-week use of lumbosacral orthoses on
proprioception in the lumbar spine. J Orthop Sports Phys Ther. 2006; 36:225. [PubMed:
16676872]

Pfeifer K, Vogt L, Klingler J, et al. Sensomotor function while wearing lumbar support ortheses. Z
Orthop Ihre Grenzgeb. 2001; 139:12-18. [PubMed: 11253516]

Munoz F, Salmochi J, Faouen P, et al. Low back pain sufferers: Is standing postural balance
facilitated by a lordotic lumbar brace? Orthopaedics & Traumatology: Surgery & Research. 2010;
96:362-366.

Cholewicki J, Juluru K, Radebold A, et al. Lumbar spine stability can be augmented with an
abdominal belt and/or increased intra-abdominal pressure. European Spine Journal. 1999; 8:388—
395. [PubMed: 10552322]

lvancic P, Cholewicki J, Radebold A. Effects of the abdominal belt on muscle-generated spinal
stability and L4/L5 joint compression force. Ergonomics. 2002; 45:501-513. [PubMed: 12167204]
McGill S, Seguin J, Bennett G. Passive stiffness of the lumber torso in flexion, extension, lateral
bending, and axial roatation: Effect of belt wearing and breath holding. Spine. 1994; 19:696-704.
[PubMed: 8009335]

Cholewicki J. The effects of lumbosacral orthoses on spine stability: What changes in EMG can be
expected? Journal of orthopaedic research. 2004; 22:1150-1155. [PubMed: 15304292]

Cholewicki J, Lee AS, Peter Reeves N, et al. Comparison of trunk stiffness provided by different
design characteristics of lumbosacral orthoses. Clin Biomech. 2010; 25:110-114.

Cholewicki J, Peter Reeves N, Everding VQ, et al. Lumbosacral orthoses reduce trunk muscle
activity in a postural control task. J Biomech. 2007; 40:1731-1736. [PubMed: 17054963]
Reeves NP, Everding VQ, Cholewicki J, et al. The effects of trunk stiffness on postural control
during unstable seated balance. Experimental Brain Research. 2006; 174:694—700. [PubMed:
16724177]

Harris-Hayes M, Van Dillen LR, Sahrmann SA. Classification, treatment and outcomes of a patient
with lumbar extension syndrome. Physiotherapy Theory and Practice. 2005; 21:181-196.
[PubMed: 16389699]

Hicks GE, Fritz JM, Delitto A, et al. Preliminary development of a clinical prediction rule for
determining which patients with low back pain will respond to a stabilization exercise program.
Arch Phys Med Rehabil. 2005; 86:1753-1762. [PubMed: 16181938]

Kumar SP. Efficacy of segmental stabilization exercise for lumbar segmental instability in patients
with mechanical low back pain: A randomized placebo controlled crossover study. North
American journal of medical sciences. 2011; 3:456. [PubMed: 22363083]

Iguchi T, Kanemura A, Kasahara K, et al. Age distribution of three radiologic factors for lumbar
instability: Probable aging process of the instability with disc degeneration. Spine. 2003; 28:2628-
2633. [PubMed: 14652480]

Kanemura A, Doita M, Kasahara K, et al. The influence of sagittal instability factors on clinical
lumbar spinal symptoms. Journal of Spinal Disorders & Techniques. 2009; 22:479-485. [PubMed:
20075810]

Abbott JH, Fritz JM, McCane B, et al. Lumbar segmental mobility disorders: Comparison of two
methods of defining abnormal displacement kinematics in a cohort of patients with non-specific
mechanical low back pain. BMC musculoskeletal disorders. 2006; 7:45. [PubMed: 16709258]
Teyhen DS, Flynn TW, Childs JD, et al. Fluoroscopic video to identify aberrant lumbar motion.
Spine. 2007; 32:E220-E229. [PubMed: 17414897]

Coxhead C, Meade T, Inskip H, et al. Multicentre trial of physiotherapy in the management of
sciatic symptoms. The Lancet. 1981; 317:1065-1068.

Doran D, Newell D. Manipulation in treatment of low back pain: A multicentre study. Br Med J.
1975; 2:161. [PubMed: 123815]

Gibson J, Ahmed M. The effectiveness of flexible and rigid supports in patients with lumbar
backache. Journal of Orthopedic Medicine. 2002; 24:86-89.

Million R, Nilsen KH, Jayson M, et al. Evaluation of low back pain and assessment of lumbar
corsets with and without back supports. Ann Rheum Dis. 1981; 40:449-454. [PubMed: 6458250]

Soine (Phila Pa 1976). Author manuscript; available in PMC 2015 October 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Morrisette et al.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Page 10

Penrose KW, Chook K, Stump JL. Acute and chronic effects of pneumatic lumbar support on
muscular strength, flexibility, and functional impairment index. Research in Sports Medicine: An
International Journal. 1991; 2:121-129.

Pope MH, Phillips RB, Haugh LD, et al. A prospective randomized three-week trial of spinal
manipulation, transcutaneous muscle stimulation, massage and corset in the treatment of subacute
low back pain. Spine. 1994; 19:2571-2577. [PubMed: 7855683]

Toda Y. Impact of waist/hip ratio on the therapeutic efficacy of lumbosacral corsets for chronic
muscular low back pain. Journal of orthopaedic science. 2002; 7:644-649. [PubMed: 12486467]

Valle-Jones J, Walsh H, O'Hara J, et al. Controlled trial of a back support (‘Lumbotrain’) in
patients with non-specific low back pain. Curr Med Res Opin. 1992; 12:604-613. [PubMed:
1533832]

Oleske DM, Lavender SA, Andersson GB, et al. Are back supports plus education more effective
than education alone in promoting recovery from low back pain?: Results from a randomized
clinical trial. Spine. 2007; 32:2050. [PubMed: 17762804]

Calmels P, Queneau P, Hamonet C, et al. Effectiveness of a lumbar belt in subacute low back pain:
An open, multicentric, and randomized clinical study. Spine. 2009; 34:215-220. [PubMed:
19179915]

Dalichau S, Scheele K. [Effects of elastic lumbar belts on the effect of a muscle training program
for patients with chronic back pain]. Z Orthop lhre. 2000; 138:8.

Fritz JM, Brennan GP, Clifford SN, et al. An examination of the reliability of a classification
algorithm for subgrouping patients with low back pain. Spine. 2006; 31:77. [PubMed: 16395181]
Fritz JM, Brennan GP. Preliminary examination of a proposed treatment-based classification
system for patients receiving physical therapy interventions for neck pain. Phys Ther. 2007;
87:513-524. [PubMed: 17374633]

Fairbank JC, Pynsent PB. The oswestry disability index Spine (Phila Pa 1976). 2000; 25:2940-52.
discussion 2952. [PubMed: 11074683]

Frost H, Lamb SE, Stewart-Brown S. Responsiveness of a patient specific outcome measure
compared with the oswestry disability index v2. 1 and roland and morris disability questionnaire
for patients with subacute and chronic low back pain. Spine. 2008; 33:2450-2457. [PubMed:
18824951]

Cleland JA, Whitman JM, Houser JL, et al. Psychometric properties of selected tests in patients
with lumbar spinal stenosis. The Spine Journal. 2012

Ostelo RW, Deyo RA, Stratford P, et al. Interpreting change scores for pain and functional status in
low back pain: Towards international consensus regarding minimal important change. Spine.
2008; 33:90-94. [PubMed: 18165753]

Fritz JM, Irrgang JJ. A comparison of a modified oswestry low back pain disability questionnaire
and the quebec back pain disability scale. Phys Ther. 2001; 81:776-788. [PubMed: 11175676]
Fritz JM, Hebert J, Koppenhaver S, et al. Beyond minimally important change: Defining a
successful outcome of physical therapy for patients with low back pain. Spine. 2009; 34:2803-
2809. [PubMed: 19910868]

Van Den Bosch F, Kruithof E, Baeten D, et al. Randomized double-blind comparison of chimeric
monoclonal antibody to tumor necrosis factor alpha (infliximab) versus placebo in active
spondylarthropathy. Arthritis Rheum. 2002; 46:755-765. [PubMed: 11920412]

Kamper SJ, Maher CG, Mackay G. Global rating of change scales: A review of strengths and
weaknesses and considerations for design. The Journal of manual & manipulative therapy. 2009;
17:163. [PubMed: 20046623]

Waddell G, Newton M, Henderson 1, et al. A fear-avoidance beliefs questionnaire (FABQ) and the
role of fear-avoidance beliefs in chronic low back pain and disability. Pain. 1993; 52:157-168.
[PubMed: 8455963]

Froud R, Eldridge S, Lall R, et al. Estimating the number needed to treat from continuous
outcomes in randomised controlled trials: Methodological challenges and worked example using
data from the UK back pain exercise and manipulation (BEAM) trial. BMC Medical Research
Methodology. 2009; 9:35. [PubMed: 19519911]

Soine (Phila Pa 1976). Author manuscript; available in PMC 2015 October 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Morrisette et al.

53.

54.

55.

56.

57.

58.

Page 11

Kettler A, Rohlmann F, Ring C, et al. Do early stages of lumbar intervertebral disc degeneration
really cause instability? evaluation of an in vitro database. European Spine Journal. 2011; 20:578-
584. [PubMed: 21125299]

Latimer J, Lee M, Adams R, et al. An investigation of the relationship between low back pain and
lumbar posteroanterior stiffness. J Manipulative Physiol Ther. 1995; 19:587-591. [PubMed:
8976477]

Owens EF Jr, DeVocht JW, Gudavalli MR, et al. Comparison of posteroanterior spinal stiffness
measures to clinical and demographic findings at baseline in patients enrolled in a clinical study of
spinal manipulation for low back pain. J Manipulative Physiol Ther. 2007; 30:493-500. [PubMed:
17870417]

Fritz JM, Koppenhaver SL, Kawchuk GN, et al. Preliminary investigation of the mechanisms
underlying the effects of manipulation: Exploration of a multi-variate model including spinal
stiffness, multifidus recruitment, and clinical findings. Spine. 2011; 36:1772. [PubMed: 21358568]
Chan S, Fung P, Ng N, et al. Dynamic changes of elasticity, cross-sectional area, and fat
infiltration of multifidus at different postures in men with chronic low back pain. The Spine
Journal. 2012; 12:381-388. [PubMed: 22197782]

Stanton T, Kawchuk G. The effect of abdominal stabilization contractions on posteroanterior spinal
stiffness. Spine. 2008; 33:694-701. [PubMed: 18344865]

Soine (Phila Pa 1976). Author manuscript; available in PMC 2015 October 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Morrisette et al.
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Excluded (n=50)

+ Not meeting inclusion criteria (n=5)
Lumbar surgery (n=3)
Neurological signs (n=2)

+ Declined to participate (n=45)

| Allocation |

Randomized (n=98)

!

Allocated to SC (n=29)
+ Received SC (n=29)
+ Did not receive SC (n=0)

Allocated to eLSO+SC (n=32)
+ Received eLSO+SC (n=32)
+ Did not receive eLSO+SC (n=0)

Allocated to iLSO+SC (n=37)
+ Received iLSO+SC (n=37)
+ Did not receive iLSO+SC (n=37)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Analyzed (n=29)
+ Excluded from analysis (n=0)

Analyzed (n=32)
+ Excluded from analysis (n=0)

Analyzed (n=37)
+ Excluded from analysis (n=0)

Figure 1.

Flow Diagram of Study Participants Throughout the Study Period.

Standard care (SC) included medication, advice, and physical therapy. The eLSO
intervention consisted of an extensible orthosis plus standard care (eLSO). The iLSO
intervention consisted of an inextensible orthosis plus standard care (iLSO).
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SC

Figure2.

M Baseline [JFollow up

elLSO

iILSO

Mean Oswestry Disability Index Scores for Each Treatment Group: Pre and Post Treatment.
Mean scores and confidence intervals for the Oswestry Disability Index (ODI) at baseline
and at 2-weeks for the standard care (SC), extensible orthosis (eLSO+SC), and inextensible

orthosis (iLSO+SC) groups.
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Table 1

Treatments given to participants as standard care

Standard Care:
Physician advice and medication (no injections during the study period)
Treatments included in the physical therapy regimen:
Posture and activity education
Stabilization exercise
Centralization exercise
Aerobic exercise
Manual therapy: mobilization/manipulation
Electrical stimulation
Traction
Soft tissue manipulation / massage

Cold pack/moist heat, ultrasound
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Table 2

Exclusion Criteria

Page 15

Previous spinal surgery

Litigation related to LBP

Neurological disease or injury

Systemic inflammatory disease

Current pregnancy

Acute fracture

Tumor or metastatic disease

Systemic or spinal infection

Presence of pathological reflexes (e.g., Babinski)
Presence of lower extremity pain upon cervical motion

The presence of two or more of the following signs: diminished lower extremity strength following a myotomal distribution, diminished
sensation, and/or absence of deep tendon reflexes.
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Baseline subject demographic and clinical characteristics. (Continuous variables reported as Mean (SD) unless

otherwise stated).

Variable SCn=2930% eLSOn=3233% iLSONn=3738% Total N=98 pa
Gender 0.46
Female 18 (62%) 22 (69%) 20 (54%) 60 (61%)
Male 11 (38%) 10 (31%) 17 (46%) 38 (39%)
Race 0.66
Caucasian 8 (28%) 10 (31%) 8 (22%) 26 (27%)
African American 21 (72%) 22 (69%) 29 (78%) 72 (73%)
AgeP 45.0 (16.6) 48.8 (15.6) 50.4 (14.0) 48.4(153) 0.38
Waist to hip ratio 0.9 (0.1) 0.9 (0.1) 0.9 (0.1) 0.9 (0.1) 0.16
Height (cm) 26.3 (1.6) 26.1(2.1) 26.4 (1.9) 26.3(1.8) 075
Weight (kg) 87.3(19.1) 78.0 (20.0) 88.7 (21.5) 84.8(206) 0.09
BMIP 29.9 (7.6) 26.8 (5.5) 30.2 (7.9) 290(7.2) 013
Back and buttock pain 29 (30%) 32 (33%) 37 (38%) 98(100%) 1.0
One or both thigh pain 0.98

No 17 (59%) 18 (56%) 21 (57%) 56 (57%)

Yes 12 (41%) 14 (44%) 16 (43%) 42 (43%)

Pain past the knee 0.29

No 21 (72%) 28 (88%) 31 (84%) 80 (82%)

Yes 8 (28%) 4 (13%) 6 (16%) 18 (18%)
Paresthesia 0.26

Missing 0 (0%) 0 (0%) 2 (5%) 2 (2%)

No 19 (66%) 19 (59%) 17 (46%) 55 (56%)

Yes 10 (34%) 13 (41%) 18 (49%) 41 (42%)
Education (years) 14.9 (2.2) 14.9 (2.9) 14.9 (2.3) 14.9 (2.4) 0.97
Mean (SD) Range 11-17 7-17 10 - 17 7-17
Education (categorized) 0.75

Missing 4 (14%) 5 (16%) 10 (27%) 19 (19%)

Less than HS grad 1 (3%) 3 (9%) 2 (5%) 6 (6%)

HS graduate 7 (24%) 6 (19%) 6 (16%) 19 (19%)

Post HS education 17 (59%) 18 (56%) 19 (51%) 54 (55%)

Number of previous episodes 0.74

0 6 (21%) 9 (28%) 6 (16%) 21 (21%)

1 4 (14%) 1 (3%) 4 (11%) 9 (9%)

2-4 8 (28%) 8 (25%) 9 (25%) 25 (26%)

>4 11 (38%) 14 (27%) 17 (46%) 42 (43%)

Duration of symptoms 0.80

< 14 days 5 (17%) 6 (19%) 9 (24%) 20 (21%)

<3 months 5 (17%) 6 (19%) 4 (11%) 15 (15%)

3 months to 1 year 6 (21%) 10 (31%) 8 (22%) 24 (24%)
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Variable SCn=2930% eLSON=3233% iLSONn=3738% Total N=98 pa
> 1 year 13 (45%) 10 (32%) 16 (43%) 39 (40%)
Constant pain 0.47
Missing 0 (0%) 0 (0%) 2 (5%) 2 (2%)
No 15 (52%) 15 (47%) 18 (49%) 48 (49%)
Yes 14 (48%) 17 (53%) 17 (46%) 48 (49%)
Episodes Increasing in frequency 0.26
Missing 1 (3%) 0 (0%) 1 (3%) 2 (2%)
No 16 (55%) 10 (31%) 14 (38%) 30 (41%)
Yes 12 (41%) 22 (69%) 22 (59%) 56 (57%)
Weeks since onset n=18 n=22 n=23 n=63 0.52
Mean (SD) 10.3 (10.1) 17.5 (15.6) 13.7 (15.2) 14.0 (14.2)
Range 1-40 1-52 0-52 0-52
Symptoms worsening 0.60
Missing 1 (3%) 0 (0%) 1 (3%) 2 (2%)
No 17 (59%) 14 (44%) 19 (51%) 50 (51%)
Yes 11 (38%) 18 (56%) 17 (46%) 46 (47%)
Symptoms with first use of LSO 0.44
Missing 0 (0%) 3 (9%) 1 (3%) 4 (4%)
Feels better NA 15 (47%) 19 (51%) 50 (51%)
No change or worse NA 14 (44%) 17 (46%) 44 (45%)
Baseline outcome measures
ODI % score 33.8(16.2) 35.6 (14.8) 405 (16.7) 37.0(16.1) 0.9
PSAS 43(2.7) 4.8(1.8) 43(23) 4.4(23) 0.46
NPRS 7.6 (1.8) 7.6 (2.0) 7.6 (2.3) 7.6 (2.0) 0.96
FABQ_PA 18.3 (5.6) 17.2 (1.5) 17.0 (6.2) 175(6.4) 064
FABQ W 18.6 (17.5) 19.7 (18.0) 21.0 (16.2) 19.9 (17.0)  0.84
Is condition better, worse, or same over past week(s) prior to 0.52
treatment?
Missing 1 (3%) 0 (0%) 2 (5%) 3 (3%)
Better 16 (55%) 14 (44%) 20 (54%) 50 (51%)
Worse 5 (17%) 11 (34%) 6 (16%) 22 (22%)
No change 7 (24%) 7 (22%) 9 (24%) 37 (38%)
Mean LSO wearing time (hours per day) NA 4.8 5.0 NA
Medication Treatment
Narcotic 5 (17%) 6 (19%) 7 (19%) 18 (18%) 1
Muscle Relaxant 7 (24%) 3 (9%) 5 (14%) 15 (15%) 0.24
NSAID 13 (45%) 15 (47%) 14 (38%) 42 (43%) 0.74
Antidepressant 2 (71%) 4 (13%) 3 (8%) 9 (9%) 0.75

BMI: Body Mass Index; LBP: Low Back Pain; ODI: Oswestry Disability Index; PSAS: Patient Specific Activity Scale; FABQ_PA: Fear and

Avoidance Beliefs Questionnaire Physical Activity subscale; FABQ_W: Fear and Avoidance Beliefs Questionnaire Work subscale. NPRS:

Numerical Pain Rating Scale.

Treatment groups: standard care alone (SC), extensible LSO+SC (eLSO), and inextensible LSO+SC (iLSO).

a .
p-values refers to differences across treatment groups.
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Table 4

Mean (95% CI) differences in outcome measure scores between baseline and follow

Outcome Measure

SC el SO iLSO

obI
PSAS
NPRS
FABQ_PA
FABQ_ W

24(-22,71)  81(28,134)  14.0(8.2 19.8)
-04(-1.3,04) -12(-19,-05) -1.8(-2.6,-1.0)
2.4(1.4,3.5) 33(2.2,4.4) 3.3(2.3,4.3)
15(-1.0,40) -01(-3.0,27) -0.1(-2.1,23)

06(-3.2,33)  4.4(-0.1,8.9) 5.6 (1.9, 9.3)

Treatment groups: standard care alone (SC), extensible LSO+SC (eLSO), and inextensible LSO+SC (iLSO).

Page 18

ODI- Oswestry Disability Index; PSAS- Patient Specific Activity Scale; FABQ_PA-Fear and Avoidance Beliefs Questionnaire Physical Activity
subscale; FABQ_W- Fear and Avoidance Beliefs Questionnaire Work subscale.
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Table 5

Results of ANCOVA for the outcome measures.

i i i i i 0, -
Outcome measure® Overall model p value Pairwise differencein group meansat follow up with 95% CI  p-value
ODI 0.0001 SC vs eLSO: 5.3(-2.0, 12.6) 0.16
SC vsiLSO: 9.4 (2.2,16.6) 0.01
eLSO vs iLSO: 4.1(-2.8,11.1) 0.24
PSAS <0.001 SC vs eLSO: -1.0 (-2.1, 0.0) 0.05
SC vsiLSO: -1.4 (-2.3,-0.4) 0.01
eLSO vs iLSO: -0.3(-1.3,0.7) 0.50
NPRS 0.001 SC vs eLSO: -0.7 (-2.1,0.8) 0.37
SC vsiLSO: -0.9 (-2.3,0.5) 0.20
eLSO vsiLSO: -0.3(-1.6,.1.1) 0.72
FABQ-PA 0.62 SC vs eLSO: -1.2(-3.5,3.4) 0.53
SC vsiLSO: -1.2 (-4.8,2.5) 0.49
eLSO vs iLSO: -.1(-4.8,2.3) 0.97
FABQ-W 0.31 SC vs eLSO: 3.6 (-1.7, 8.9) 0.18
SC vsiLSO: 43(-0.8,9.4) 0.10
eLSO vsiLSO: 0.7 (-4.3,5.7) 0.78

Treatment groups: standard care alone (SC), extensible LSO+SC (eLSO), and inextensible LSO+SC (iLSO).
ODI- Oswestry Disability Index; PSAS- Patient Specific Activity Scale; FABQ_PA-Fear and Avoidance Beliefs Questionnaire Physical Activity

subscale; FABQ_W- Fear and Avoidance Beliefs Questionnaire Work subscale.

a_. . . . . .
Difference in mean change in scores from baseline to follow up by treatment group, adjusted for baseline score.
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Table 6
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Number and percentage of participants in each group that achieved a successful outcome for the Oswestry
Disability Index (ODI), the Patient Specific Activity Scale (PSAS), and the Numerical Pain Rating Scale

(NPRS)

Treatment Success

SC(n=29) eSO (n=32) iLSO (n=37)

obi?

ODIb

psas®

NPRSd

3 (10%) 5 (16%) 13 (35%)
11(38%) 19 (59%) 24 (65%)
6 (21%) 10 (31%) 13 (35%)
16 (55%) 24 (75%) 26 (70%)

Treatment groups: standard care alone (SC), extensible LSO+SC (eLSO), and inextensible LSO+SC (iLSO).

a ] . .
Success was defined as a 50% or greater improvement in ODI scores.

b ] . - .
Success was defined as the Minimal Clinically Important Difference of 6 pts.

CSuccess was defined as the Minimal Clinically Important Difference of 2 pts.

dSuccess was defined as the Minimal Clinically Important Difference of 2.4 pts.
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Table 7
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Results of the separate logistic regression models predicting successful treatment outcomes for the Oswestry
Disability Index (ODI), the Patient Specific Activity Scale (PSAS), and the Numerical Pain Rating Scale

(NPRS).
Outcome Measure OR (95% CI) p
oDl
Model 1:
ODI, Success at 50% improvement (ref= SC)
eLSO  16(0.3,7.4) 054
iLSO 4.7(1.2,185) 0.03
Model 2:
ODI, Success at 6-pt improvement (ref=SC)
eLSO  2.4(0.8,6.7) 0.10
iLSO 3.0(1.1,83) 0.03
PSAS
Model 1:
PSAS, Success at 2-pt improvement (ref= SC)
eLSO 1.7(05,5.6) 0.35
iLSO  21(07,6.4) 021
Model 22
No LSO versus any LSO (ref=SC) 19(0.7,54) 022
NPRS
Model 1:
NPRS, Success at 2.4-pt improvement (ref=SC)
eLSO  15(0.6,35) 041
iLSO  17(0.7,41) 0.20
Model 2b:
No brace versus any brace (ref=control) 16(0.7,34) 023

Treatment groups: standard care alone (SC), extensible LSO+SC (eLSO), and inextensible LSO+SC LSO).
aModeI 2 for PSAS compared the standard care treatment group versus either the iLSO or eLSO as a combined category.

b . . .
Model 2 for NPRS compared the standard care treatment group versus either the iLSO or eLSO as a combined category.
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