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Disability, but Not Spinal Height or
Shrinkage (““Creep”’) in Participants with
Chronic Low Back Pain
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Abstract

Objective. Loss of disc height is commonly associated with chronic low back pain (CLBP). Isolated lumbar extension (ILEX)
exercise for the lumbar extensors is recommended to treat CLBP and is suggested such exercise might promote disc healing
and regeneration. This study examined a |12-week ILEX intervention on indirect determination of disc height and shrinkage
through seated stadiometry, strength, pain, and disability. Design. A quasi-experimental wait-list controlled design was used.
Nine participants underwent pretesting (T 1), a 12-week control period, retesting (T2), a |12-week intervention period, and
finally posttesting (T3). Seated stadiometry, ILEX strength, pain, and disability were measured at each time point. Results.
No significant repeated-measures effects for any seated stadiometry variables occurred. Significant improvement across
the intervention period (T2 to T3) was found for strength (P <0.0001; effect size [ES] = 2.42). Change in pain was not
significant for repeated effects (P = 0.064); however, ES for the intervention period (T2 to T3) was moderate (ES = —0.77).
Change in disability was significant between time point T| and T3 (P = 0.037) and ES for the intervention period (T2 to
T3) was large (ES = —0.92). Pain and disability achieved minimal clinically important changes. Conclusions. This is apparently
the first study to examine disc change in vivo after exercise in CLBP. Results of the present study, though supporting ILEX
resistance training to improve strength, pain, and disability, did not find any effect on spinal height.
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those who are asymptomatic'’' in a dose-dependent man-

ner.”>* Loss of disc hydration and disc height is also com-
monly considered indicative of degenerative processes as
opposed to being age related.'>** Even if not all disc abnor-
malities can be ascribed as the source of CLBP, any degen-
erative changes also heighten the risk for more severe disc

Introduction

Chronic low back pain (CLBP) is a highly prevalent,'” mul-
tifactorial condition,®’ representing an enormous economic
cost worldwide.*'® The intervertebral discs have been sus-
pected a potential source of painful symptoms in LBP for
some time'' with considerable evidence regarding pain-
causing mechanisms.'>" Although it may be difficult to

attribute specific disc pathologies to CLBP on an individual
basis, there are consistent associations of more serious disc
abnormalities in those who suffer from CLBP.'*'® Adams
and Roughley'? suggest the presence of some degree of
degeneration is a physiologic process associated with aging,
whereas more severe degeneration and/or structural abnor-
mality may be indicative of a pathological process or injury
and more commonly present in those suffering from CLBP.
Many studies support the contention that more severe
degrees of degeneration and/or structural abnormality are
more consistently apparent in participants with CLBP than
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degeneration or injury and thus pain and suffering.'>'* Thus
it seems that, as a consistent finding in symptomatic partici-
pants, and a potential source of pain symptoms, disc degen-
eration or injury is a worthwhile factor to consider in
treatment of CLBP.

Exercise is a common prescription for those with CLBP;
however, the potential for it to specifically promote positive
changes in the intervertebral discs is not often considered. It
has been suggested that regular movement and exercise of
the lumbar spine might counter and perhaps reverse loss in
disc hydration.”*” Nelson et al.?® reported that reduction in
pain after isolated lumbar extension (ILEX) exercise was
similar in all diagnosed conditions, including degenerative
disc disease. Concerns have been expressed regarding the
safety of using exercise such as ILEX when considering
disc health.”” However, although disc degeneration can be
affected negatively by loading, the potential for a “safe win-
dow” of disc loading that may stimulate optimal disc health
does exist.***! Indeed the available animal model research
appears to suggest its biological plausibility.** A relatively
high magnitude, low frequency and short duration dynamic
loading may produce potentially regenerative effects on the
intervertebral disc (including improvements in disc proteo-
glycan content, matrix gene expression, rate of cell apopto-
sis, and improved fluid flow and solute transport).***’

ILEX exercise is suggested to be optimal in comparison
to other modalities aimed at conditioning the lumbar exten-
sors™ and provides significant and meaningful improve-
ments in pain and disability.” Moreover, as ILEX allows
quantification of load and specific application to the lumbar
spine it presents a suitable model for examining the effect of
controlled loading on disc condition in CLBP participants.
Indeed, strength produced through such exercise may affect
the overall robustness of the spine to resist loading.* ILEX
has been shown to produce successful rehabilitation out-
comes in participants diagnosed with degenerative discs***!
in addition to participants undergoing lumbar discectomy
for disc herniation.*> Furthermore, it has been applied in
occupational settings with success in reducing both injury
occurrence and costs associated with injury.**® However,
no studies have quantified any change occurring in disc
condition in vivo.

As noted, loss of disc hydration and disc height is a
common disc abnormality. Disc hydration is often mea-
sured via magnetic resonance imaging (MRI),* but indi-
rect measurement can be obtained through measures of
spinal height using stadiometry.** As such, for researchers
wishing to examine the effects of potential interventions on
CLBP and associated symptoms such as disc hydration, as
well as for clinicians examining changes in their patients,
the use of stadiometry may be of value as an outcome mea-
sure. A recent study has reported that a custom-built seated
stadiometer is reliable in measuring changes in spinal
height variables, including spinal shrinkage.* Thus, it

might be a suitable outcome measure to examine the effect
of disc loading through exercise on disc hydration.
Therefore, the aim of the present study was to examine the
potential effect of applied loading to the lumbar interverte-
bral discs through ILEX resistance exercise as measured
using seated stadiometry.

Methods
Study Design

A quasi-experimental wait-list controlled design was
adopted with all participants undergoing pretesting (T1)
followed by an initial 12-week control period, before then
being retested (T2) and then beginning the 12-week experi-
mental period. Participants were posttested once the experi-
mental period had finished (T3). The study was approved
by the ethics committee at Southampton Solent University
(SSU) and conducted within the Sport and Exercise Science
Laboratories at SSU.

Participants

A convenience sample of 17 participants (males, n = 9;
females, n = 8) were initially identified and recruited by
posters, group email, and word of mouth from SSU and the
surrounding locality. An a priori power analysis was con-
ducted to determine participant numbers (n) in order to
detect a moderate treatment effect size (ES), calculated
using Cohen’s d,°° of 0.5. Participant numbers were calcu-
lated using G*Power. These calculations showed that 9 par-
ticipants were required to meet the required power of 0.8 at
an alpha value of P < 0.05 for the statistical analyses pro-
posed (see below).

Inclusion criteria were as follows; participants suffering
from nonspecific LBP having lasted longer than 12 weeks'
and have no medical condition for which resistance training
would be contraindicated. Exclusion criteria included the
following: participants must have no medical condition for
which movement therapy would be contraindicated. These
include acute (not reoccurring) low back injury occurring
within the past 12 weeks, pregnancy, evidence of sciatic
nerve root compression (sciatica), leg pain radiating to
below the knee, paraesthesia (tingling or numbness), current
tension sign, lower limb motor deficit, current disc hernia-
tion, previous vertebral fractures, or other major structural
abnormalities. All participants were cleared to exercise prior
to involvement in the study by either their general practitio-
ner or the chiropractor in the research group. After pretest-
ing, the participants underwent a 12-week control period
where they were instructed to continue with their daily activ-
ities as normal and any treatment or intervention they were
currently undertaking. After completion of this 12-week
period, participants were retested and then underwent a



162

CARTILAGE 11(2)

Enrolment | [Pm—t:st\m—h |

Assessed for Tested (n=13) Waiting-list
igibity (0= 17) Cartrel Period

Lostto folow-up

tgive reasons) (n= 0)

Excluded (n= 4)
+ Mot meeting

Lost to folow-up
(fpve reasans) {n=)

inclusion eiiberia
=0

+ Decined o
participata (= 4)

Re-testing - T2

{ Analysis

Analysed (n= 8}
+ Excluded tram analysis (give
reasons) (n=0)

Post-testing - T3 J

Lost to follow-up (give
reasons) (n=)

Discortinued
inervention (give
reasans) (= 1, required
emergency surgery for
removal af gal bisddsr)

Figure |. Flow of participants through study.
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Figure 2. Schematic of seated stadiometry setup.

12-week ILEX exercise training intervention. Figure 1
shows the flow of participants through the study.

Equipment

Participants’ standing stature (for demographic purposes)
and seated stature (for determination of spinal height) were
measured using a wall mounted stadiometer (Holtan Ltd,
Crymych, Dyfed). Details of seated stature measures are
below). Body mass was measured using scales (SECA,
Germany) and body mass index (BMI) calculated. Isometric
strength testing, range of motion (ROM) and training was
performed using the MedX Lumbar Extension Machine
(MedX Corporation, Ocala, FL). The ILEX machine has
been shown to be reliable in assessing isometric strength at
repeated angles in asymptomatic (test-retest correlation
across angles tested, 7 = 0.81 to 0.97)’* and symptomatic
participants (» = 0.57 to 0.93),® and valid in measure-
ment.”*** Pain was measured using a 100-mm point visual
analogue scale (VAS),>® and disability measured using the
revised Oswestry disability index (ODI).”” A customized
wooden seat in addition to custom-built wall-mounted
adjustable postural rods (Figure 2; SSU, Southampton)
were used with the wall-mounted stadiometer for seated
stature measurements in order to ensure participants adopted

the same posture within the sagittal plane for each retest
trial. The details and reliability of this setup has recently
been reported elsewhere.”

Participant Testing

All measurements were completed at the same time of day
and participants were instructed to avoid heavy lifting for at
least 2 days prior to testing.”® Participants underwent testing
for seated stadiometry, and completed 2 isometric ILEX
strength tests on separate days using the MedX Lumbar
Extension Machine, at 3 points throughout the study (T1,
T2, and T3). The ILEX test days were separated by at least
72 hours in order to avoid the effects of residual fatigue or
soreness. Each test using the ILEX machine involved maxi-
mal voluntary isometric contractions at various angles
through the participants full ROM in order to measure max-
imal isometric ILEX strength. The number of angles tested
depended on the participants individual ROM. Participants
where tested at as many of the following angles as they
were able to achieve; 72°, 60°, 48°, 36°, 24°, 12°, and 0°.
Details of the full test protocol using the ILEX machine and
details of the restraint mechanisms have been documented
previously elsewhere.”®> At each time point, participants
were also required to complete the VAS and ODI.

In order to normalize spine height prior to stadiometry
measurement, the participant was instructed to lie in the
supine position for 10 minutes with his or her hands resting
on the stomach, head in a neutral position and supported by
a pillow, and legs uncrossed with a pillow under the knees
for support. A custom setup (see Figure 2) was used in
combination with the wall-mounted stadiometer used for
standing measurements. Full details of the test protocol are
detailed elsewhere.*’ Ten repeated measurements were
taken as close as possible to every 20 seconds over a period
of approximately 3 to 3.5 minutes with the participant
remaining in the stadiometer between measurements.>
From this spinal height for the first measurement, the aver-
age of the 10 measurements, total shrinkage (difference
between first and last measurement), and the rate of shrink-
age across the 10 measurements examined as the slope of



Steele et al.

163

the curve when a linear regression was fitted (standard error
of measurement were 3.1 mm, 2.8 mm, 2.6 mm, and 0.212,
respectively). Posttesting occurred 1 week after the final
ILEX training session.

Participant Training

Training was conducted at a frequency of 1 time/week for a
period of 12 weeks. This frequency of training has been
shown to significantly improve ILEX strength and was cho-
sen over more frequent training due to potential for overtrain-
ing when the lumbar extensor muscles are isolated.”’ Also a
second weekly training session offers no further improve-
ments in symptomatic participants.®’ Twelve weeks was the
chosen duration as Carpenter ef al.*> have demonstrated that
strength improvement from ILEX training occurs largely
within the first 12 weeks. Participants performed one set of
variable resistance ILEX exercise through their full ROM.
Resistance load was 80% of maximum recorded tested func-
tional torque during maximal isometric testing for both
groups and repetitions performed until momentary failure in
order to control for intensity of effort.” Repetitions were per-
formed taking at least 2 seconds to complete the concentric
phase, holding for 1 second in full extension and taking at
least 4 seconds for the eccentric phase. Resistance load was
increased by 5% in the next session once the participant was
able to continue exercise for over 105 seconds using their
current load before achieving failure. All training was super-
vised by the lead researcher.

Data Analysis

Nine participants’ data (males, n = 4; females, n = 5) were
available after allowing for attrition. Isometric strength,
recorded in units of torque, was measured as foot pounds
(ft-Ibs") and converted to newton meters (N-m) using a correc-
tion of 1.356. Spinal height was calculated by subtracting the
seat height (445 mm) from the stature recorded during seated
stadiometry measurement. Because of individual differences
between participants for lumbar ROM, ILEX strength data
were averaged across all angles tested (ranging from 0° to
72°). Mauchly’s test for sphericity was used to determine
equality of variance for data at P > 0.05. The independent
variable to examine was the time point associated with the
period (i.e., T1, T2, and T3) and dependent variables were
ILEX strength, pain, disability, first measurement of each spi-
nal height trial, average spinal height across the 10 measure-
ments, total shrinkage defined as the difference between the
last and first of the 10 measurements (i.c., a negative value
represented loss of spinal height), and rate of shrinkage as the
slope of the curve fitted using a linear regression model for
time and spinal height (a higher value indicating a steeper
slope and greater rate of shrinkage). Data with assumed sphe-
ricity for participant demographics and dependent variables

Table |I. Participant Baseline Demographics (Combined n = 9).

Demographic Mean (SD)
Age (years) 51 (12)
Stature (cm) 167.7 (6.9)
Body mass (kg) 77.46 (13.94)
BMI (kg/m?) 274 (3.2)
Symptom duration (years) 15 (14)
ILEX strength (N'm) 195.42 (109.99)
Lumbar ROM (degrees) 65.7 (10.1)
VAS (mm) 334 (23.3)
ODI (points) 26.7 (11.2)

BMI = body mass index; ILEX = isolated lumbar extension; ROM = range
of motion; VAS = visual analogue scale; ODI = Oswestry disability index.

were subjected to repeated-measures analysis of variance
(ANOVA). Post hoc pairwise comparisons using a Bonferroni
adjustment were conducted comparing T1 to T2 (encompass-
ing the control period), T1 to T3 (encompassing both the con-
trol and intervention period), and T2 to T3 (encompassing the
intervention period). Within participant effect sizes were cal-
culated using Cohen’s @*° for absolute change in the indepen-
dent variables across T1 to T2 and across T2 to T3 where an
ES of 0.20 to 0.49 was considered as small, 0.50 to 0.79 as
moderate, and >0.80 as large. In addition, changes in pain and
disability were compared with consensus standards for mini-
mal clinically important change (MCIC).** Ostelo et al* pro-
pose the MCIC for VAS as 15 mm and for ODI 10 points.
Statistical analysis was performed using SPSS statistics com-
puter package (version 20) and P < 0.05 set as the limit for
statistical significance.

Results

Participants

Participant baseline demographics are shown in Table 1.

Seated Stadiometry

Table 2 shows spinal height results from seated stadiometry
testing at each time point. No significant repeated-measures
effects by time were found for any seated stadiometry variable
(P=0.542-0.713). ESs between T1 and T2 were 0.23, —0.29,
—0.36, and —0.35 for first measure, average, shrinkage, and
slope, respectively, with all being considered small. ESs
between T2 and T3 were 0.07, 0.25, 0.15, and 0.11, respec-
tively, with all being considered small or less than small.

ILEX Strength

Figure 3 shows ILEX strength measured at each time
point. A significant repeated-measures effect by time was
observed for ILEX strength, (F(2, 16) = 26.263,
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Table 2. Seated Stadiometry Result from Each Time Point.”

Tl T2 T3

Seated stature: First
measure (mm)

Seated stature:
Average (mm)

864.2 (33.5) 866.2 (37.4) 867.1 (38.1)

863.6 (34.7) 862.5 (37.0) 864.6 (39.1)

Shrinkage: Total (mm) —1.3 (3.3) -5.0 (7.3) -3.1 (6.3)
Rate of shrinkage -0.193 -0.471 -0.329
(slope)
*Results are presented as mean (SD).
400 - .
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Figure 3. Isolated lumbar extension (ILEX) strength at each
time point.

P <0.0001). Post hoc pairwise comparisons revealed a sig-
nificant difference between both T1 and T3 (P = 0.002) and
T2 and T3 (P < 0.0001). ES between T1 and T2 was —0.34
and considered small. ES between T2 and T3 was 2.42 and
considered large.

Oswestry Disability Index (ODI) and Visual
Analogue Scale (VAS)

VAS and ODI measures for each time point are shown in
Table 3. ANOVA failed to achieve significance for repeated
measures effect by time for VAS, (F(2, 16) = 3.281, P =
0.064). A significant repeated measures effect by time was
observed for ODI, (F(2, 16) = 6.846, P = 0.007). Post hoc
pairwise comparisons revealed a significant difference
between T1 and T3 (P = 0.037) for ODI. Changes in VAS
and ODI over the control period (between T1 and T2) did
not achieve MCICs. Changes in VAS and ODI after the
intervention period (between T2 and T3) both achieved
MCICs (reduction of ~16 mm and ~12 points, respectively).
ESs between T1 and T2 were 0.17 and 0.13 for VAS and
ODI, respectively, and considered small. ESs between T2
and T3 were —0.77 and —0.92, respectively, and considered
moderate and large respectively.

Table 3. Change in Visual Analogue Scale (VAS) and Oswestry
Disability Index (ODI).*

TI T2 T3
VAS (mm) 33.4 (23.3) 363(228)  20.1 (14.7)
ODI (points) 26.7 (11.2) 27.8 (9.4) 16.0 (13.5)°

“Results are presented as mean (SD).
®Indicates significant pairwise comparison between T1 and T3.

Discussion

The purpose this study was to examine the effects of a
12-week ILEX resistance training intervention in partici-
pants with CLBP on indirect determination of disc hydra-
tion through spinal height measured using seated
stadiometry. To the authors’ knowledge, this is the first
study to examine, albeit indirectly, whether positive changes
in the discs measured in vivo result from exercise interven-
tions in participants with CLBP.

Symptomatic degenerative discs show a number of
abnormalities, including reduced glycosaminoglycans,
dehydration, and reduced nucleus pulposus pH.* Some
have suggested that metabolic abnormalities in the interver-
tebral disc might be improved, thus potentially halting or
reversing the degenerative process, through appropriate
exercise of the lumbar spine.”?” The exercise specifically
considered by Mooney et al.*’ and Mayer et al.*® was ILEX.
Not all exercises are equally effective in conditioning the
lumbar extensors and ILEX has been suggested recently as
optimal for this purpose.”® Indeed, it has been hypothesized
that such an exercise intervention might provide a suitable
model for examining the potential for controlled loading to
improving disc condition also.”

Some studies have suggested that continued compres-
sive loading can contribute to harmful responses in the disc
in a dose-dependent manner (i.e., magnitude and duration),
which might further suggest cause for concern in employ-
ing ILEX resistance exercise for those with CLBP.®**’
However, this dose-dependent mechanism has important
implications for ILEX resistance exercise, which is also
typically employed in a dose-dependent manner. ILEX
rehabilitation is normally employed using a resistance that
allows only ~8 to 12 repetitions and exercise is performed
to momentary failure using this resistance,” which has been
suggested as optimal for strength and hypertrophic adapta-
tions*®* in addition to improving pain and disability.”> An
exercise frequency of once per week has also been identi-
fied as sufficient for improving lumbar extension strength,
pain and disability.°®' Thus, ILEX rehabilitation represents
a relatively high loading on the disc though at a low fre-
quency and volume. Walsh and Lotz* report that, in com-
parison with higher frequency and lower load compression,
lower frequency and higher load compression induces posi-
tive improvements in disc proteoglycan content, matrix



Steele et al.

165

gene expression and rate of cell apoptosis. Thus, there may
be potential for ILEX rehabilitation to exert a similar adap-
tive effect. Indeed, Maclean et al.**** have also showed that
anabolic and catabolic responses in the nucleus are depen-
dent on load and frequency with anabolic genes being stim-
ulated at low frequencies and catabolic genes being
stimulated at higher frequencies. They also revealed that
very low loading had no effect on gene expression suggest-
ing that some degree of loading, though at a low frequency,
is required to stimulate an adaptive anabolic response.

These studies have examined what might be considered
regenerative processes, but as we have highlighted, a loss
of disc hydration is also present in degenerative discs® and
so rehydration may also be an important consideration.
Ferguson et al.*® have shown that loading increases fluid
flow across the disc, which in turn also enhances transport
of larger solutes into the intervertebral disc. Some authors
have suggested ILEX rehabilitation may enhance pressure
variance across the disc through its flexion-extension
cycles and thus enhance interstitial fluid flow.”*?”' The
findings of Ferguson et al.*® would lend biological plausi-
bility to this potential mechanism also. Furthermore, Wang
et al.”” have presented that while static loading contributes
to catabolic activity, dynamic compressive loading con-
trastingly promotes anabolic activity.

Research thus far has been conducted using in vitro ani-
mal models. This study is apparently the first to attempt to
examine the chronic effects of specific loading on the disc
in vivo. Because of suggestions from other authors regard-
ing use of ILEX to “rehydrate” the discs®® and that load-
ing increases fluid flow, enhancing transport of larger
solutes into the intervertebral disc,*® it was considered that
ILEX may create pressure variance across the disc through
flexion-extension cycles and thus enhance interstitial fluid
flow. Thus, it was hypothesized that a 12-week ILEX resis-
tance training intervention in CLBP participants would
improve disc hydration as measured indirectly through spi-
nal height measures using seated stadiometry.

However, the results of the present study suggested that
although the 12-week intervention improved ILEX strength,
pain, and disability, there was no change in any of the seated
stadiometry variables measured. Seated stature measures
did not achieve significance, ESs were all small or less than
small, and were also within the between-day range of error
determined for the custom seated stadiometry setup used.”
Our sample estimate was based on the detection of an ES of
at least 0.5 and so the lack of change may be the result of a
type II error. As no other study has examined the effects of
an intervention on chronic adaptation in the discs in vivo it
is not possible to discern whether these results truly reflect
a lack of change from the intervention or whether they stem
from the testing utilized.

Acute studies of stature changes from various loading
conditions reveal a wide range of changes some of which

the current setup used may have been sensitive enough to
detect; ~0.5 mm,70 ~3 mm,71 ~5 mm,48 ~7.5t0 10 mm,72 and
~6to 7 mm.” Considering the possible magnitudes of acute
differences detected by some of these studies, it may be that
the ILEX intervention merely did not induce any change in
hydration of the discs, or at least not of a sufficient magni-
tude to be detected. MRI is more sensitive in detecting
changes in disc hydration, in particular due to the ability to
examine individual discs, as opposed to the cumulative total
of their height, including the vertebral bodies and other ose-
oligamentous structures, when using seated stadiometry.
Kourtis e al.*® report an error when using MRI of ~0.5 mm,
which is considerably lower than the error within seated sta-
diometry, including our custom seated stadiometry setup
(3.1 mm). Further study should examine whether changes
in disc hydration occur from exercise based interventions
when tested using MRI. Whether or not such small changes
in disc hydration, if indeed they occur as a result of ILEX
resistance training, are meaningful or not is yet to be deter-
mined. However, loss of hydration is only one aspect of a
range of possible factors indicating disc condition'? and so,
though there may not be a change in disc hydration after
exercise interventions, the potential mechanisms of adapta-
tion might impart positive adaptation in other features of the
disc. Additional categorization of disc condition would be a
further benefit of follow-up study utilizing MRI.

A further aspect examined in the present study was the
time-dependent loss of stature, or shrinkage, related to spi-
nal loading. This is considered an indicator of spinal “creep”
due to its viscoelastic properties and may reflect the poten-
tial for spinal structures to experience time related changes
in biomechanical stresses.”*’* Indeed stature shrinkage
from constant static loading differs between asymptomatic
controls and participants with CLBP” and prior work has
found a relationship between trunk extension strength and
stature loss.*’ This study examined change in spinal height
and rate of shrinkage due to the participants own upper
body mass over a 3- to 3.5-minute test where the participant
remained seated in the stadiometer. The between-day reli-
ability of this variable in our custom setup® was similar to
that reported by others.”® However, as with measurements
of stature, there was no significant change in shrinkage or
rate of shrinkage after the ILEX intervention and ESs were
small or less than smallsuggesting there was no chronic
change in the viscoelastic properties of the spine.

Despite absence of changes in seated stadiometry vari-
ables in response to the intervention, changes were observed
for ILEX strength, pain, and disability. No changes in any
variables were found over the 12-week control period.
However, ILEX strength increased significantly over the
intervention period and to a similar degree (~34%) as other
studies utilizing the same intervention.®’”” These results
also indicated the ILEX intervention period resulted in a
significant reduction in disability measured using the ODI
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between baseline (T1) and retest after the intervention
period (T3). Though change in pain and disability over the
intervention period did not achieve significance they were
similar to other studies utilizing the same ILEX interven-
tion in CLBP participants®"”” and thus likely reflect the
studies small sample size and thus a type II error. Indeed,
despite this, change in pain and disability across the inter-
vention period using VAS and ODI did both achieve MCICs
(reduction of ~16 mm and ~12 points, respectively), ESs
were moderate to large, and therefore can be considered
meaningful.

One limitation of the present study was the relatively
high average age of the sample population. This may have
meant that age related changes were present in the discs
which are suggested to be more difficult to reverse than pro-
ducing healing of degenerated discs."® Thus, future studies,
in addition to considering utilization of MRI to detect in
vivo changes in disc condition, should also utilize a larger
sample size of younger adults. Furthermore, the duration of
the intervention (12 weeks), though sufficient for inducing
changes in tissues such as muscle, may be insufficient for
inducing changes in the disc due to the particularly slow
turnover rates of collagen and proteoglycans.”®’” Additional
work in this area might thus consider the investigation of
interventions of longer duration.

The utility of the intervention should also be considered
in context. A minimal approach such as ILEX also offers the
benefit of time efficiency. ILEX sessions require at least
~50% less time compared with regular physical therapy.®
Recent analysis suggested greater benefit may occur with a
greater frequency of exercise sessions (an additional 8 ses-
sions required to improve VAS scores by 1 mm compared
with controls®'). ILEX specifically, however, is highly
effective using only a single weekly session with no further
benefit from additional sessions.®’ It seems that ILEX is
also as effective as either part of a multifaceted intervention
or as a standalone approach® and that the benefits can occur
from as little as one session per week taking approximately
10 to 15 minutes with only 1 to 2 minutes of that comprising
exercise. As one of the biggest economic losses through
CLBP is due to work hours lost, both through treatment and
absenteeism, a workplace strengthening program**° using
ILEX could be a promising occupational approach.

Conclusions

In conclusion, the results of the present study, though further
supporting the use of ILEX resistance training to improve
ILEX strength, pain and disability, did not find any effect on
spinal height or shrinkage measures using seated stadiome-
try. Thus, despite its impact on other aspects of the multifac-
torial nature of LBP, suggestion that ILEX exercise improves
disc condition in CLBP participants is presently not sup-
ported and remains a hypothesis requiring further study.
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