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Abstract

Background: Lumbar multifidus dysfunction is a prevalent cause of disability
in individuals with lower back pain. Previous research highlights the benefits
of isolated lumbar extension training for non-specific lower back pain, how-
ever, studies examining its efficacy in lumbar multifidus dysfunction are
lacking. Objective: To evaluate the effectiveness of isolated lumbar extension
resistance training on disability and strength in individuals with lumbar mul-
tifidus dysfunction. Methods: Subjects underwent a physiotherapy led struc-
tured rehabilitation program incorporating isolated lumbar extension. Ses-
sions were conducted twice weekly targeting momentary muscular failure
with time under load 90 - 120 seconds and progressions aimed at 5 - 10 lbs
increments. Outcomes were assessed using the Oswestry Disability Index and
lumbar extension strength testing at baseline and after 12 weeks, with statis-
tical analysis using t-test and chi-squared 2 x 2. Results: Forty-five subjects
(24 male, 21 female) with a median age of 48 completed the intervention.
Improvements were noted in Oswestry Disability Index scores (median pre:
24, post: 15) and maximal lumbar extension strength (median pre: 122 Ib,
post: 186 1b), with p < 0.05. Overall, 89% showed improvement in disability
scores, 67% moved to a better disability category, and 51% saw at least a 50%
increase in strength. No significant gender differences were observed. Con-
clusions: Isolated lumbar extension resistance training is effective at im-
proving extension power and disability in subjects with lumbar multifidus
dysfunction.
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1. Introduction

Low back pain (LBP) represents a significant epidemiologic burden in modern
society, standing as the single leading cause of disability worldwide and showing
an upward trend. It also accounts for the largest proportion of patients who
could benefit from rehabilitation with an increasing focus on reducing low value
care and high risk, costly and invasive interventions [1]. The majority of LBP is
termed non-specific, owing to the absence of a clearly identified pathoanatomi-
cal origin, however, the primary source of pain in chronic LBP is typically attri-
buted to nociceptive mechanisms [2] [3]. Nociceptive pain sources may derive
from the active or passive stabilising systems of the spine [4]. Of the active
structures, the function and morphology of the paraspinal muscles is established
as being closely associated with the aetiology, management and prognosis of pa-
tients with LBP [5]. Among these, the lumbar multifidus (LM) muscles are the
greatest contributors to the stability of the lumbar neutral zone, a range of in-
tervertebral motion where passive support offers the least resistance, which sig-
nificantly influences LBP intensity and also has a key proprioceptive role. It is
thought that where there is impairment of stability, restraint and proprioception
through the neutral zone, pain can be elicited through increased shear or tor-
sional stress on the bone and ligamentous elements [6]-[8].

The appearance of the LM muscle on advanced imaging has clinical relevance
and is suggested as a biomarker of its function and competence. Computer to-
mography derived cross sectional area of the LM is shown to be statistically
smaller when compared to surrounding paraspinal muscles, in LBP populations
[9]. These atrophic changes may be attributed to either denervation and/or
arthrogenic inhibition following low back injury, therefore creating potential for
acute LBP recurrence through cyclical inhibition with irregular movements
through the spinal segments. This is thought to lead to chronic inflammation,
allowing for differentiation of fibroblasts and pre-adipocytes, creating fat infil-
tration and fibrotic changes to the LM muscle [9] [10]. Fat infiltration of the LM
on imaging is strongly associated with LBP in adults [11] [12]. Additionally, the
degree of fat infiltration in the LM muscle is directly associated with the risk of
high intensity pain and dysfunction [13].

LM dysfunction is a clinical diagnosis and subclassification of LBP which is
hypothesised to be a likely mechanism behind the development and mainten-
ance of pain in chronic LBP populations [14]. LM dysfunction is proposed to be
derived from the arthrogenic inhibitory effect on the role of the multifidus in

stabilising the spine in the neutral zone [10] [14]. Clinical diagnosis of LM dys-
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function has been reported by Chakravarthy and colleagues to be mainly based
on physical examination through the performance of clinical tests [14]. Isolated
lumbar extension (ILE) resistance training has been shown to be effective at sig-
nificantly improving perceived pain, disability and multifidus functional cross
sectional area in patients with chronic non-specific LBP [15] [16]. However,
current literature outlines the functional benefits of ILE on non-specific LBP pa-
tients without a sub-diagnosis of LM dysfunction. The objective of this study is
to investigate the efficacy of ILE on lumbar extension power and disability in pa-

tients with diagnosed LM dysfunction.

2. Methods
2.1. Subjects

Forty-five eligible participants, presenting at a spinal clinic with a diagnosis of
lumbar multifidus (LM) dysfunction, were enrolled in a prospective case series.
The cohort consisted of 24 males and 21 females with a median age of 48 years
(IQR 42, 57). Inclusion criteria were based on the diagnosis of LM dysfunction
which was confirmed via magnetic resonance imaging (MRI) appearance of LM
atrophy and clinical physical testing by an orthopaedic spinal surgeon as de-
scribed below. This study was approved by Bond University Human Research
Ethics Committee under reference number MZ00044 for variables affecting re-
covery and treatment outcomes in patients with spinal pain.

T2 weighted MRI imaging was used to assess the presence of fat infiltration
indicating atrophy at each motion segment of the multifidus cross section using
the classification system described by Kader e al [17]. Subjects were included
on the basis of LM atrophy classified as Kader score > 1 (>0% - 10% fat infiltra-
tion) and positive clinical testing. An orthopaedic spinal surgeon assessed the
atrophic changes using Dixon method fat suppressed axial images at the L5 ver-
tebral body shown to have the greatest mass of multifidus available for evalua-
tion [18] [19]. The prone instability test (PIT) was used as a clinical test to assess
for multifidus inhibition (Figure 1). A positive PIT is shown to have a relation-
ship with LM dysfunction with high interrater reliability [14]. The multifidus lift
test (MLT) was used to identify palpable LM dysfunction by assessing for absent
multifidus contraction or longissimus compensation during contralateral arm
raise whilst prone (Figure 2). This test has been validated with ultrasound im-
aging measuring the thickness change of the LM [15]. Additionally, subjects
were included on the basis of a positive Modified Schober’s Test assessing for
reduced relative excursion of the lower lumbar vertebrae during flexion (Figure
3). Exclusion criteria included subjects with predominant leg pain, neurogenic
claudication, fractures, infection, tumour, or who have had previous instru-

mented spinal surgery.

2.2. Intervention

Subjects participated in a physiotherapy led rehabilitation program incorporating
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Figure 1. Demonstration of the prone instability test (Adapted from Chakravarthy ef al
2022) (Created with BioRender.com).
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Figure 2. Demonstration of the multifidus lift test (Adapted from Chakravarthy et al
2022) (Created with BioRender.com).
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Figure 3. Demonstration of the modified Schober’s test (Created with BioRender.com).
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a specific training method utilising ILE. Rehabilitation sessions occurred twice
weekly for a minimum of 12 sessions. This duration of training was chosen
based around previous research showing lumbar extension torque is primarily
increased within the first 12 sessions of training [20]. Total time under load was
between 90 to 120 seconds with subjects instructed to keep to a tempo of 4
seconds concentric, 2 second hold and 4 seconds eccentric, with intensity set to
momentary muscular failure. Momentary muscular failure can be defined as the
subjects’ inability to perform a concentric contraction without significant change
to posture or duration of repetition [21]. It was used as an accurate control of
effort, and standardised approach to failure [22]. The load progressions occurred
at 5 - 10 Ib increments when the subject maintained 120 seconds of total time
under load without incurring maximal effort and failure. Additionally, as part of
rehabilitation on the day of the ILE session, subjects were also programmed to
use complementary machine training incorporating exercises emphasising ther-
apy on hip abductor/adductors, obliques, rectus abdominis, pelvic floor, lower
trapezius and latissimus dorsi. On non-ILE days patients were directed to follow
a daily exercise routine at home of prescribed lumbopelvic stretches and walking
[23]. Additional therapeutic measures such as passive interventions (e.g. mas-
sage or dry needling), psycho-neuroeducation and tailored home-based exer-

cised programs were not routinely prescribed.

2.3. Equipment

Specific machines that provide pelvic restraint have superior evidence support-
ing the specific adaptations to the lumbar musculature [24]. Figure 4 illustrates
the F3.1 Kieser™ lower back resistance machine used which utilises pelvic and
thigh restraint ensuring appropriate transfer of load and specific adaptations to
the paraspinals. Thigh restraints specifically act as a fulcrum allowing upward
force at the knees to be redirected into the pelvic sockets thereby reducing re-

cruitment of compensatory muscles [24].

Figure 4. The Kieser™ F3.1 lower back machine.
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2.4. Data Collection

Outcome measures were measured before and after the 12-session ILE interven-
tion. The Oswestry Disability Index (ODI) was self-administered by the subjects
and used as a validated measure of disability [25]. A maximal lumbar isometric
extension strength output was assessed by a physiotherapist following a standar-
dised 60-second warmup at 75 Ibs and 45 lbs for males and females respectively.
Verbal cues were provided to the subjects to ensure isolated effort from the
lumbar spine, eliminating the use of their neck or legs. Testing was conducted
over a maximum of 7 angles starting in flexion and ending in extension, with 10
seconds rest between angles. Subject blinding was ensured by turning the ma-
chine’s monitor to the side out of the subject’s vision. This was recorded as ab-
solute weight (Ibs) and percentage of predicted strength of normative data. Data
was stored on the Kieser™ encrypted database system and provided in a deiden-

tified fashion for analysis.

2.5. Data Analysis

Statistical analysis was performed by a student using XLSTAT and Lumivero
conducting a paired chi-squared test via a two-by-two table to analyse the cate-
gorical data and a Student’s t-test to analyse the statistical significance of the in-

tervention variables.

3. Results

Forty-five subjects completed the twelve-week intervention, with demographics
shown in Table 1.

Outcome measures pre- and post-intervention are shown in Table 2. The
classification terms used in the ODI are outlined in Table 3. The median scores
of the ODI improved from 24, indicating “Moderate disability”, to 15,
representing “Minimal disability” (p < 0.05). Additionally, a 52% reduction was
seen in subjects classified as “Severely Disabled”, with a 74% decrease in “Crip-
pled” subjects. Median maximal lumbar extension power improved
post-intervention by 52% (p < 0.05). Out of the 45 subjects, only 2 had a worse
post-intervention ODI score, and 33 had a >50% predicted ILE maximal
strength post-intervention. Although ODI score was worse in these 2 subjects,
ILE strength was improved in both. With reference to absolute strength, the
bottom 33% of subjects improved their strength > 50% except for 3 individuals.
No significance between gender for presence of strength improvement (X2 p >
0.05).

Table 1. Subject demographics.

Demographics
Male/Female 24/21
Median age [IQR] 48 [42, 57]
IQR: Interquartile range.
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Table 2. Outcome measures pre and post-12-week intervention.

Pre-intervention Post-intervention
ODI* 24 15
[Classification] [Moderate disability] [Minimal disability]
Maximal 1;1:3\1;211; extension 122 Ibs 186 Ibs
‘Severely Disabled’ ODI 42% 20%
‘Crippled’ ODI 27% 7%

ODI: Oswestry Disability Index; *Median scores p < 0.05 for both.

Table 3. The Oswestry Disability Index (ODI).

ODI score (%) Level of disability
0-20 Minimal disability
21 -40 Moderate disability
41 - 60 Severe disability
61 - 80 Cripple, pain impinges on all aspects of patient’s life
81 -100 Patient are bed-bound or exaggerating their symptoms

4. Discussion

The findings from this study underscore the efficacy of ILE resistance training in
improving extension power and reducing disability in individuals diagnosed
with LM dysfunction. The notable enhancements in ODI scores and lumbar ex-
tension strength not only demonstrate ILE training’s ability to alleviate symp-
toms in this particular cohort, but also point to a connection between treating
LM atrophy and reducing pain and weakness. It appears that LM dysfunction is
more than a result of ‘disuse’, dominant theories discuss impaired motor control
due to arthrogenic inhibition and interruption of neural input (e.g. by radiculo-
pathy), suggesting the need for investigation into active interventions beyond
basic conditioning [14]. Our results align with the hypothesis that targeted
strengthening exercises may assist with overcoming corticospinal inhibition of
the LM, improving recruitment of LM and mitigating the biomechanical and
neuromuscular deficits associated with LM atrophy [14]. Although improve-
ments in disability were observed in 95% of subjects, it should be acknowledged
that the remaining 5% were observed to have a worse post-intervention ODI
score. This may suggest that there is further nuance in the selection of effective
intervention for this specific population and that there are multiple psychosocial
and pathoanatomic factors that may not make this technique universally effec-
tive to all patients with LM atrophy. Nonetheless, this discrepancy accentuates
the multifactorial nature of chronic LBP [2].

LM dysfunction amongst subjects with LBP is almost universal and this study
gives support to this non-invasive and low risk technique where there has been

an increasing emphasis on avoidance of invasive and medicalised interventions
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[26]. This study adds to the growing body of literature supporting the use of ILE
resistance training in LBP patients, and creates a novel perspective with the spe-
cific population inclusion. Although it is known that LM atrophy is seen in pa-
tients with chronic LBP, it has been suggested that the morphology of the LM is
not a critical prognostic factor for short-term functional restorations [16] [27]
[28]. Therefore, the mechanisms behind the efficacy of ILE on pain and disabili-
ty in patients with LBP must not be exclusive to architectural change of the mus-
cle, but rather multifactorial including correction of movement patterns and
improved recruitment on remaining ‘normal’ musculature [27].

In recent years, there have been randomised and cohort trials conducted into
peripheral multifidus stimulation for subjects diagnosed with LM dysfunction
which has been shown to have efficacy in improving pain and dysfunction [29].
The exact role of ILE training to delay, complement or prevent this intervention
is unclear. To our knowledge, this study supports these training methods for pa-
tients being considered for peripheral multifidus stimulation as it is the first
study of function and strength in patients with a specific LM dysfunction diag-
nosis.

Limitations of our study surround the convenience sampling method, leading
to heterogenous pathologies and patient population. Additionally, there was on-
ly a single unblinded orthopaedic surgeon assessing the patients which could
produce diagnostic bias and limit the external validity. Further, we assumed the
driving factor of the disability index and strength was multifidus atrophy with-
out accounting for denervation or erector spinae involvement or other patient
factors such as personality and psychosocial characteristics. Equally, it is prudent
to acknowledge the role of corticospinal stimulation, independent to the ap-
pearance of the LM muscle. Additionally, due to the LM segments surrounding
the L5 vertebrae being involved in the inclusion criteria, the same results cannot
be extrapolated for the upper lumbar spine. Similarly, due to the anatomical na-
ture, we cannot isolate the LM in ILE and therefore could be involving other
erector spinae tissue. Confounding variables related to education and lifestyle
changes after patient visitation to the orthopaedic surgeon were not accounted
for, therefore limiting internal validity. Finally, the lack of control and mea-
surement of subject activity between the formal and measured training days
must be recognised.

Future research should further explore the effects of resistance exercise on
pain and disability in LM dysfunction patients through a standardised large co-
hort long-term study with successive imaging (and possibly electromyography)
at set time points assessing the degree of dysfunction and extent of atrophy.
Long-term functional outcomes and maintenance is yet to be discovered and
should be investigated further. This is difficult to achieve as it is limited by
healthcare resources and demands high patient compliance and low attrition.
Optimum exercise selection should be evaluated to consider other methods that
could be complementary or even superior to techniques presented here, includ-

ing motor control training utilizing free weights, or functional movement train-
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ing which emphasises correct movement and lifting techniques [14] [30].
Conclusively, this study provides a foundational step on the efficacy of ILE re-
sistance training on improving strength and disability status in patients diag-
nosed with LM dysfunction. The notable changes in disability scores and
strength suggest that ILE resistance may mitigate the pathological effects of LM
atrophy in this population. Although a small proportion of subjects did not ben-
efit, the overall findings highlight ILE resistance training as a valuable,
non-invasive intervention for managing LBP in the context of LM dysfunction.
Future research should examine the long-term efficacy of ILE training with ex-

perimentation of adjunctive therapeutic modalities to optimise patient care.
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