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Abstract
Background. Lumbar disc prolapse is a leading cause of pain, restricted spinal movement and functional disability in
adults of working age. Conventional physiotherapy for the condition is built largely around general lumbar stretching
and isolated strengthening, with limited structured progression and little emphasis on neuromuscular control. The
Augmented Active Control Exercise Programme was developed as a phased, six-week protocol integrating core
stabilisation, segmental control, proprioceptive retraining, unstable-surface loading and progressive angular resistance.
Objective. To compare the efficacy of the AACEP with conventional physiotherapy on lumbar spinal mobility, static and
dynamic trunk muscle endurance, and functional disability in patients with lumbar disc prolapse.
Methods. This single-centre, two-arm, parallel-group randomised controlled trial was conducted in the Physiotherapy
Outpatient Department of a tertiary care teaching hospital. Seventy adults aged 30-50 years with clinically diagnosed
lumbar disc prolapse were randomised 1:1 to the AACEP (Group A, n = 35) or conventional physiotherapy (Group B, n =
35). Both groups trained six days per week for six weeks, 45 minutes per session, under direct supervision. Outcomes
were active lumbar flexion, extension and bilateral side flexion measured with dual digital inclinometers; static
endurance measured by the side bridge test; dynamic endurance measured by sit-up repetitions in 30 seconds; and
disability measured by the Oswestry Disability Index. Outcomes were recorded at baseline and at the end of week six
and analysed using paired and independent-samples t-tests, with Cohen's dz and 95% confidence intervals.
Results. The groups were comparable at baseline. Within Group A, all outcomes improved significantly (all p < .001):
flexion by 14.74°, extension by 9.77°, left side flexion by 10.31°, right side flexion by 8.74°, static endurance by 7.83 s,
dynamic endurance by 2.57 repetitions, and ODI by 24.06 percentage points. Group B showed no significant change on
any measure except ODI (mean change -2.86 points, p <.001). At six weeks, Group A was superior to Group B on every
outcome (all p <.001). Within-group effect sizes in Group A were large for all outcomes (dz = 2.32 to 9.45), whereas
Group B effects were small and non-significant except for ODI (dz = -0.74, 95% Cl -1.111 to -0.361).
Conclusion. A six-week AACEP produced large, statistically significant and simultaneous improvements in lumbar
mobility, trunk muscle endurance and functional disability that were not observed with conventional physiotherapy.
The protocol is feasible within routine outpatient practice and merits evaluation in multicentre trials with longer follow-

up.

Keywords: lumbar disc prolapse; exercise therapy; spinal mobility; trunk endurance; Oswestry Disability Index;
randomised controlled trial.

1. Introduction

Low back pain is among the most prevalent and disabling musculoskeletal conditions worldwide, and it
remains the leading cause of years lived with disability across both high- and low-income settings
(Hartvigsen et al., 2018). Analyses of the Global Burden of Disease Study 2013, which examined 301 acute
and chronic conditions across 188 countries between 1990 and 2013, identified low back pain as a principal
contributor to the global burden of musculoskeletal disease (Collaborators & A., 2015). The economic
consequences are equally substantial: comparative analyses of the socioeconomic burden of low back pain
in the United States and globally document high direct healthcare expenditure alongside indirect costs from
work absenteeism and lost productivity (Chang et al.,, 2024), a pattern first quantified in the United
Kingdom, where back pain was shown to impose costs exceeding those of many other musculoskeletal
conditions (Maniadakis & Gray, 2000). Because the disorder peaks during the economically productive
years, its impact extends well beyond the individual patient to families, employers and health systems.
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Lumbar disc prolapse — the displacement of disc material beyond the margins of the-intervertebral disc
space (Fardon et al., 2014) — is one of the most common structural causes of low'back pain and the leading™
cause of lumbosacral radiculopathy. The condition most frequently affects the third te fifth decades of life
and shows a male predominance, with the L4-L5 and L5-S1 segments accounting for the overwhelming
majority of symptomatic herniations (Shiga, 2022)(Manchikanti, 2000). Magnetic resonance imaging studies
of adults presenting with low back pain report a high prevalence of disc herniation (Azemi et al., 2022), and
systematic review evidence confirms that the incidence of disc herniation with radiculopathy is substantial
and rises steadily with age (Hincapié et al., 2024). Importantly, degenerative changes are also frequently
observed in asymptomatic individuals, underlining the need for clinical correlation rather than imaging
findings alone in diagnosis (Kanayama et al., 2009). The natural history of the condition is variable: many
patients improve with conservative management, and spontaneous resorption of herniated material occurs
in a meaningful proportion of cases, mediated in part by an inflammatory response (Cunha et al.,
2018)(Zeng et al., 2023). Accordingly, most clinical guidelines reserve surgery for progressive neurological
deficit or failure of conservative care, and rehabilitation remains the mainstay of first-line management
(Peul et al., 2007)(Gugliotta et al., 2016).

The clinical and functional consequences of disc prolapse are not confined to the compressed nerve root.
Imaging studies consistently demonstrate reduced cross-sectional area and increased fatty infiltration of
the lumbar multifidus in patients with disc prolapse, and the severity of these changes correlates with the
grade of disc degeneration (Faur et al., 2019). Histochemical studies of the multifidus in disc herniation
report selective atrophy of type | and type Il fibres on the symptomatic side, consistent with denervation
and pain-related inhibition (Zhao et al., 2000)(Yoshihara et al., 2001), and these changes persist years after
surgical treatment (Rantanen et al., 1993). Asymmetric degeneration of the multifidus and erector spinae
has likewise been demonstrated in patients with disc herniation with and without root compression (Yazici
& Yerlikaya, 2022). Functionally, these alterations compromise the active subsystem of spinal stability,
which, within Panjabi's model, operates alongside the passive structures and the neural control system to
maintain segmental equilibrium (Panjabi, 1992). Deficits in the active and neural subsystems are clinically
important because they restrict movement, reduce the capacity to sustain postural tasks, and leave
patients vulnerable to recurrence — which is precisely the profile captured by restricted lumbar range of
motion, impaired trunk endurance and elevated disability.

Range of motion is a widely used indicator of spinal function. People with back pain display altered lumbo-
pelvic kinematics compared with pain-free individuals (Laird et al., 2014), and restricted lumbar mobility is
one of the most consistent findings in patients with disc pathology. Trunk muscle endurance is a second,
arguably more functionally relevant, domain. Reduced endurance of the lumbar extensors and lateral trunk
musculature is repeatedly documented in low back pain populations, and systematic review with meta-
analysis shows that exercise interventions can improve lumbar extensor strength, endurance and
electromyographic activation in individuals with spinal pain (Clael et al., 2021). Disability, most commonly
quantified with the Oswestry Disability Index — a validated, self-administered instrument covering ten
domains of daily living (Vianin, 2008) — represents the cumulative functional expression of these
impairments and is the outcome that matters most to patients. Contemporary frameworks for assessing
chronic low back pain accordingly recommend that recovery be evaluated across multiple domains rather
than by pain intensity alone (Tagliaferri et al., 2019).

Exercise therapy is the cornerstone of conservative management, and structured programmes consistently
improve pain, mobility, strength and endurance in this population (Wang et al., 2024). Randomised trials of
trunk-focused exercise demonstrate improvements in pain, disability, quality of life and trunk physical
fitness, with specific benefits for mobility and endurance (Prat-Luri et al., 2023). Trials of stabilisation and
motor control exercise in chronic lumbar disc herniation report gains in pain, mobility and trunk endurance
(Ameri et al., 2025), and core stabilisation has been compared directly with Pilates for pain intensity,
lumbar range of motion and daily activity performance (Chughtai et al., 2025). Core stabilisation added to
conventional treatment has also been shown to increase back muscle endurance in disc herniation (Jamil et
al., 2023), and meta-regression evidence indicates a dose-response relationship between the volume of
stabilisation exercise and clinical improvement in chronic low back pain (Mueller & Niederer, 2020). Core
stabilisation exercise outperforms isolated strengthening for proprioception, balance, muscle thickness and
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pain-related outcomes (Hlaing et al., 2021), and stabilisation training improves lumbar movement sense
(Boucher et al., 2016). Systematic reviews of proprioceptive exercise in chronic.neck and low back pain
reach broadly similar conclusions (McCaskey et al., 2014), as do reviews of manual therapy combined with
exercise across stages of non-specific low back pain (Hidalgo et al., 2013).

Two gaps nevertheless remain. First, most conventional programmes for disc prolapse are constructed
around general lumbar stretching and isolated strengthening, without structured layering or resistance
progression; the result is a treatment stimulus that is frequently insufficient to challenge the
neuromuscular system in the way that contemporary models of spinal rehabilitation recommend (Mueller
& Niederer, 2020)(Wang et al., 2024). Second, trials in this population typically report single-domain
outcomes — most often pain or disability — so the extent to which an intervention improves mobility and
endurance simultaneously, and whether those gains are mirrored by corresponding changes in disability, is
often unclear (Prat-Luri et al.,

2023)(Tagliaferri et al., 2019).

The Augmented Active Control Exercise Programme was developed by our group to address both gaps. It is
a phased, six-week protocol that integrates core stabilisation, segmental control, neuromuscular re-
education, proprioceptive and unstable-surface training, and progressive angular resistance, with exercises
layered weekly according to individual tolerance and performance (Indian Copyright Registration No. L-
148816/2024). The protocol was pilot-tested before implementation in the present trial.

The aim of this randomised controlled trial was therefore to evaluate the effects of a six-week AACEP,
compared with conventional physiotherapy, on lumbar spinal mobility, static and dynamic trunk muscle
endurance, and functional disability in patients with lumbar disc prolapse. We hypothesised that the AACEP
would produce significantly greater improvements than conventional physiotherapy across all of these
domains.

2. Materials and methods

2.1 Study design, setting and reporting

The study employed a quantitative, experimental design — a pretest—posttest, parallel-group randomised
controlled trial — to evaluate the efficacy of the AACEP in individuals with lumbar disc prolapse. The trial
was conducted in the Physiotherapy Outpatient Department of Shree Guru Gobind Singh Tricentenary
Medical College Hospital and Research Institute, Gurugram, Haryana, India. The study was designed,
conducted and reported in accordance with the Consolidated Standards of Reporting Trials 2010 statement
(Group et al.,, 2010), and reporting of outcome definitions followed the CONSORT-Outcomes 2022
extension (Tugwell et al., 2024).

2.2 Ethics approval and trial registration

The study protocol was approved by the Institutional Ethical Committee of SGT University, Gurugram (IEC
No. SGTU/FPHY/2023/329), and was conducted in accordance with the Declaration of Helsinki. All
participants received a detailed explanation of the study procedures in their local language before
enrolment and provided written informed consent. The trial was prospectively registered in the Clinical
Trials Registry — India (CTRI/2024/06/068785).

2.3 Participants

Participants were recruited from patients attending the Orthopaedic and Physiotherapy outpatient
departments of the host institution. Individuals were eligible if they were aged 30-50 years (male or
female); had low back pain with or without radiculopathy; had disc prolapse at any lumbar level (L1-S1);
had a clinical diagnosis of lumbar disc prolapse confirmed by an orthopaedic surgeon on the basis of
physical examination, symptom history and clinical signs, without mandatory imaging; reported symptom
duration exceeding three months; were able to understand and follow verbal and written instructions;
were willing to attend supervised physiotherapy sessions for six weeks; had stable cardiovascular status;
and were willing to provide blood samples for biomarker analysis.

Individuals were excluded if they had tumour, infection or tuberculosis; any traumatic condition of the
pelvis or lower limb; an uncontrolled mood disorder; a history of lumbar spine surgery or invasive spinal
procedures; current use of corticosteroids or immunosuppressive medications; use of analgesic drugs in the
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preceding week likely to affect pain reporting; a progressive motor neurological deﬁtit, bladder or bowel
involvement, or marked difficulty in walking; or a previous inner ear infection or.vestibular disorder with™

unresolved balance disturbance.
2.4 Sample size \
An a priori power analysis was performed using G*Power software (version 3.1.9.7) (Kang, 2021)(Faul et al.,
2007)(Faul et al., 2009). Assuming a large effect size (Cohen's d = 0.8), a significance level of 5% (o = 0.05)
and a statistical power of 95% (1 - B = 0.95), a total of 70 participants (35 per group) was required to detect
a meaningful difference between two independent means. The expected effect size was estimated from
previously published randomised controlled trials of exercise-based rehabilitation in lumbar disc prolapse
(Mueller & Niederer, 2020)(Ameri et al., 2025).

2.5 Randomisation, allocation concealment and blinding

Eligible participants were recruited using convenience sampling. Of 105 individuals assessed for eligibility,
28 were excluded at screening and 78 were randomly allocated in a 1:1 ratio to either Group A (AACEP, n =
39) or Group B (conventional physiotherapy, n = 39) using a computer-generated randomisation sequence.
Allocation concealment was ensured using sequentially numbered, sealed, opaque envelopes, opened only
after participant enrolment. Eight participants withdrew after randomisation (three in Group A and four in
Group B), leaving 70 participants (35 per group) who completed the full intervention and both assessment
points and were included in the analysis. Participant retention was supported by regular telephone contact,
standardised written instructions and directly supervised sessions, consistent with evidence on effective
retention strategies in randomised trials (Gillies et al., 2021)(Toerien et al., 2009).

The study employed a single-blind design. Participants were blinded to group allocation and were not
informed which intervention constituted the experimental treatment. Owing to the nature of the
physiotherapy interventions, blinding of the treating therapist was not feasible, and all outcome
assessments were performed by the principal investigator.

2.6 Interventions

All sessions in both groups were supervised and took place six days per week for six weeks, each lasting 45
minutes. Each exercise was performed for one set of 10 repetitions with a 30-second rest interval between
exercises, within a pain-free range of motion, avoiding any position that exacerbated symptoms.
Experimental group. Participants received the AACEP, a structured, progressive rehabilitation protocol
developed by the researcher (Indian Copyright Registration No. L-148816/2024), integrating core
stabilisation, segmental control and neuromuscular re-education, and targeting abdominal, hip and spinal
musculature. The programme was delivered in progressive phases. Foundational exercises introduced
during weeks 0-2 — abdominal bracing, lying side kicks, crook back press, side hunches, supine hip
abduction with knee flexion, the bridge, and supine twirls — were continued throughout the intervention
to reinforce neuromuscular activation, motor learning and trunk endurance. Additional exercises were
introduced sequentially in later phases to progressively increase neuromuscular and functional demand:
tripod leg circles; single knee-to-chest isometric abdominal exercise and its advanced variant; single knee
slide-ups; fire hydrants; extended slopes; hump and hollow poses; the hundred; half-kneeling twist;
medicine ball slashes (0.5 kg); quadripod knee lift; Thera twirls with a yellow Theraband; standing twist on a
Bosu ball (0.5 kg medicine ball); knee lunge stretch; resisted angular twist at 45°, 90° and 130° against a
yellow Theraband; tripod leg swing; forearm plank; trunk side rotation, back extension and trunk side
flexion on a Bosu ball; and the mould pattern. Where the protocol specified a 0.5 kg medicine ball, an
equivalent 0.5 kg dumbbell was substituted, as a 0.5 kg medicine ball was not commercially available; the
external resistance, movement pattern, exercise sequence and progression remained otherwise
unchanged. Exercise intensity and complexity were progressed weekly according to individual tolerance
and performance.

Control group. Participants received a conventional physiotherapy regimen reflecting routine clinical
practice for lumbar disc prolapse, emphasising general lumbar muscle stretching and strengthening without
supplementary neuromuscular or proprioceptive components. The programme comprised spinal extension
exercises (simple back extension, bird dog, prone press-ups) and spinal flexion exercises (knee-to-chest
stretch, lower back rotational stretch, pelvic tilt, bridge, cat and camel stretch, lumbar crunches). Exercises
were performed at a consistent intensity throughout the intervention, without structured layering or
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resistance progression, and were matched to the experimental group for frequency (six.days per week),

session duration (45 minutes) and treatment period (six weeks).
2.7 Outcome measures

All outcomes were recorded at baseline (day 1 of the intervention) and again at completlon of the six-week
programme, for both groups.

Lumbar range of motion. Active lumbar flexion, extension and left and right side flexion were measured in
degrees using two synchronised digital inclinometers (LABART™) positioned over the T12 vertebra and the
S1 vertebra (midline between the posterior superior iliac spines), following standardised dual-inclinometer
procedures recommended by the American Medical Association. Each movement was performed three
times and the mean value recorded; the range of motion for each movement was calculated as the reading
at T12 minus the reading at S1. All measurements were performed by the same examiner to ensure intra-
rater consistency.

Static trunk muscle endurance. Static endurance of the lateral trunk musculature was assessed with the
side bridge test. Participants were positioned in side-lying with legs fully extended, the supporting elbow
flexed to 90°, and the hips elevated to maintain a straight body line supported on the forearm and feet. The
test was terminated when the participant could no longer sustain the posture, and the holding time was
recorded in seconds. The test demonstrates excellent intra-tester (ICC = 0.89) and inter-tester (ICC = 0.88)
reliability.

Dynamic trunk muscle endurance. Dynamic endurance of the trunk flexors was assessed by asking
participants to perform repeated trunk flexion movements with knees flexed and feet stabilised; the
number of sit-up repetitions completed within a 30-second interval was recorded. The test has high test—
retest reliability (r = 0.98) and inter-tester reliability (r = 0.76).

Functional disability. Disability was assessed using the Oswestry Disability Index, a validated, self-
administered questionnaire comprising 10 sections, each scored 0-5, covering pain intensity, personal care,
lifting, walking, sitting, standing, sleeping, sex life, social life and travelling (Vianin, 2008). The total score is
expressed as a percentage (0-100%) using the standard scoring formula, with higher scores indicating
greater disability; scores of 0-20% represent minimal disability, 21-40% moderate disability, 41-60%
severe disability, 61-80% crippling disability, and 81-100% bed-bound status.

2.8 Statistical analysis

Data were entered into Microsoft Excel and analysed using IBM SPSS Statistics for Windows (version 32.0,
IBM Corp., Armonk, NY, USA). Data were checked for completeness, consistency, coding errors and missing
values before analysis (Bell et al., 2014). Descriptive statistics are presented as mean * standard deviation
for continuous variables and as frequencies and percentages for categorical variables. Normality of all
outcome variables was assessed using the Shapiro—Wilk test; data were normally distributed (p > 0.05),
permitting parametric analysis.

Baseline demographic characteristics and baseline outcome values were compared between groups using
independent-samples t-tests. These comparisons are presented for descriptive purposes only and were not
used to establish group equivalence or to guide covariate selection, in line with current methodological
guidance on baseline testing in randomised trials (Boer et al., 2015)(Ahn et al., 2018)(Gruijters, 2020).
Within-group comparisons between baseline and post-intervention values were performed using paired-
samples t-tests, separately for each group. Between-group comparisons of post-intervention values were
performed using independent-samples t-tests. Standardised within-group effect sizes (Cohen's dz = t/vn)
with 95% confidence intervals were calculated and interpreted according to conventional thresholds (0.2
small, 0.5 moderate, 0.8 large). All statistical tests were two-tailed, and statistical significance was set at p <
0.05.

3. Results

3.1 Participant flow and baseline characteristics

Of 105 individuals assessed for eligibility, 28 were excluded at screening and 78 were randomised (Group A,
n = 39; Group B, n = 39). Seven participants withdrew after randomisation (three in Group A, four in Group
B), leaving 70 participants (35 per group) who completed the intervention and both assessment points.
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Analysis was therefore based on 70 participants. -

The two groups were comparable at baseline on all demographic variables. Mean age was 42 3 +4.31 years
in Group A and 42.2 + 3.98 years in Group B, and mean BMI was 24.84 + 1.50 versus.25.09  1.49 kg/m?,
respectively. The sex distribution was similar (Group A: 14 females, 21 males; Group B: 12 females, 23
males). Baseline outcome values did not differ significantly between groups.

Table 1. Baseline demographic and outcome characteristics of the two groups.

Variable Group A (n=35)|GroupB (n=35)| p

Age (years) 4231431 42.2+3.98 NS

Height (cm) 167.69 +6.1 167.94 + 6.58 NS

Weight (kg) 70.14+854 | 71.08+8.86 | NS

BMI (kg/m?) 24.84+1.50 | 25.09+1.49 | NS

Sex (F/M) 14/21 12/23 NS
Lumbar flexion (°) 48.54 +4.90 47.29 +4.47 |0.266™
Lumbar extension (°) 19.74 £ 2.47 20.17 £2.43 |0.467"°
Left side flexion (°) 18.46 +1.92 19.40+3.30 [0.150M
Right side flexion (°) 18.34+1.70 17.66+1.89 [0.115"
Static endurance (s) 7.94+0.91 7.66+1.00 [0.214N
Dynamic endurance (reps/30s)| 7.00+0.77 6.77 £0.94 |0.270M
ODI (%) 47.46 +3.43 46.80 +3.43 |0.426™°

Values are expressed as mean + SD. Group A = Augmented Active Control Exercise Program (n = 35); Group
B = conventional physiotherapy (n = 35). ODI = Oswestry Disability Index; Between-group comparisons at
baseline were performed using the independent samples t-test. *p < 0.05 = significant; **p < 0.001 = highly
significant; NS = not significant.

3.2 Within-group changes

In Group A, paired-samples t-tests (df = 34) demonstrated highly significant improvements from baseline to
six weeks on all seven outcomes (all p < .001; Table 2). Lumbar flexion increased by 14.74°, extension by
9.77°, left side flexion by 10.31° and right side flexion by 8.74°. Static endurance increased by 7.83 s —
approximately a doubling of the baseline value — and dynamic endurance rose by 2.57 repetitions. ODI
decreased by 24.06 percentage points, from 47.46 + 3.43% to 23.40 + 2.17%, moving the group mean from
the severe disability band to the lower boundary of the moderate band.

Group B remained essentially stable over the six weeks. Apart from a small but statistically significant
reduction in ODI (46.80 * 3.43% to 43.94 + 4.52%; mean change -2.86 points, t = 4.380, p < .001), no
outcome changed significantly (all p > 0.05; Table 2). In particular, lumbar kinematics and both endurance
measures were unchanged.

Table 2. Within-group pre- to post-intervention changes (paired-samples t-tests, df = 34).

ouame | S2A [ iy o [ 5208 [ S8 [ 1

Flexion (°) 43“_2‘(‘)* 61‘53* +14.74|<.001"" 41‘53 * 41"2615 * 1+037]0.10"

Extension (°) 12'Zéi 22}.‘53121 +9.77 |<.001™ zgz * 2(;.‘3511 +0.14|0.16™

Left side flexion (°) 181":ii 2?73721 +10.31/<.001™ 12';%i 12’;?; +0.34|0.14"

Right side flexion (°) 18.34 27.09+ | +8.74 (<.001™"| 17.66 + 17.80+ |+0.14|0.23M
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1.70 3.05 1.89 1.86
. 15.77 + " B
Static endurance (s) |7.94 £+0.91 338 +7.83 |<.001""|7.66+1.00|{7.86+1.00(|+0.20(0.12
Dynamic endurance \, )\ 2919571 0.50| +2.57 [<.0017|6.77 £ 0.94|7.00 + 1.33 | +0.23| 0.18"
(reps/30's)
4746+ | 23.40+ .| 4680+ | 4394+ R
0, — —_
oDI (%) s S0, |-2408 <001 “000 sey  |-286/<001

Values are mean + SD; A = post - pre difference. Paired-samples t-tests, two-tailed, df = 34. For ODI,
negative A = improvement. *p < 0.05 = significant; **p < 0.001 = highly significant; NS = not significant.

3.3 Between-group comparison at six weeks

Independent-samples t-tests (df = 68) revealed highly significant differences between the groups on every
outcome at the end of the intervention (all p < .001; Table 3). Group A demonstrated greater lumbar
flexion, extension and bilateral side flexion, markedly greater static and dynamic endurance, and lower ODI
scores than Group B. Static endurance in Group A was approximately double that of Group B (15.77 £3.38 s
vs 7.86 + 1.00 s), and ODI was more than 20 percentage points lower (23.40 + 2.17% vs 43.94 + 4.52%),
corresponding to moderate versus severe disability on the standard categorical classification.

Table 3. Post-intervention (week 6) between-group comparison (independent-samples t-tests, df = 68).

Outcome Group A (n=35) |GroupB (n=35)| p
Flexion (°) 63.29+5.42 47.66+4.81 |<.001™
Extension (°) 29.51+3.32 20.31+2.54 |<.001"
Left side flexion (°) 28.77 +£3.32 19.74+2.70 |<.001"
Right side flexion (°) 27.09 + 3.05 17.80+1.86 |<.001™
Static endurance (s) 15.77 +3.38 7.86+1.00 |<.001"
Dynamic endurance (reps/30s)| 9.57 +0.50 7.00+1.33 [<.001"
ODlI (%) 23.40 +2.17 43.94+4.52 |<.001"

Values are post-intervention means + SD; independent-samples t-tests, two-tailed, df = 68. ODI = Oswestry
Disability Index. *p < 0.05 = significant; **p < 0.001 = highly significant; NS = not significant.

3.4 Effect sizes

Cohen's dz for paired differences confirmed large effects for every outcome in Group A, with all 95%
confidence intervals excluding zero. The largest effects were observed for lumbar flexion (dz = 9.45) and
ODI (dz = -6.35); the smallest, static endurance (dz = 2.32), still substantially exceeded the conventional
large-effect benchmark of 0.8. In Group B, effect sizes were small for all outcomes except ODI, which
showed a moderate effect (dz = -0.74) consistent with the small significant reduction in disability in that
group. Effect sizes are reported as paired-difference indices; for ODI, negative values denote improvement.

Table 4. Within-group effect sizes (Cohen's dz = t/vn) with 95% confidence intervals.
Group A dz (95% Cl) Group B dz (95% ClI)
+9.45 (+7.18 to +11.72) [+0.279 (-0.0615 to +0.615)
+5.04 (+3.79 to +6.28) | +0.238 (-0.100 to +0.572)
+6.44 (+4.88 to +8.01) | +0.250 (-0.088 to +0.585
+4.05 (+3.03 to +5.06) |+0.206 (-0.130 to +0.540
+2.32 (+1.68 to +2.97) | +0.263 (-0.076 to +0.599
+5.14 (+3.87 to +6.41) | +0.228 (-0.109 to +0.562

Outcome

Flexion (°)

Extension (°)
Left side flexion (°)

Right side flexion (°)

Static endurance (s)

)
)
)
)

Dynamic endurance (reps/30 s)
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oDl (%) |-6.35 (-7.89 to -4.80) | -0.74 (-1.111 to =0:361) |

Values are Cohen's dz (95% Cl) from paired-samples t-tests (df = 34); dz = t/Vn. Cl excluding zero =
significant change; for ODI, negative dz = improvement. Effect size: <0.5 small, 0.5-0.8 medium, >0.8 large.
In summary, six weeks of the AACEP produced large, simultaneous improvements across biomechanical
(lumbar kinematics), neuromuscular (static and dynamic trunk endurance) and functional (disability)
domains, whereas conventional physiotherapy produced no significant change on any outcome apart from
a small reduction in disability.

4. Discussion

The present randomised controlled trial evaluated the efficacy of a six-week AACEP against conventional
physiotherapy in 70 individuals with lumbar disc prolapse, with outcomes spanning lumbar spinal mobility,
static and dynamic trunk endurance, and functional disability. The principal finding was that the
experimental group achieved highly significant improvements in every outcome domain, whereas the
control group remained essentially unchanged apart from a small reduction in disability. Critically, the
effects of the intervention were not confined to a single aspect of recovery but extended simultaneously
across movement, muscular endurance and function. This pattern supports the concept that rehabilitation
of lumbar disc prolapse should address the integrated spinal stabilising system rather than isolated
impairments.

The groups were comparable at baseline on all demographic variables and all outcome measures, and post-
intervention differences are therefore unlikely to reflect pre-existing disparities. It should be noted that
baseline comparability in randomised trials is a consequence of randomisation itself, and baseline
significance testing is not a valid method for demonstrating that randomisation succeeded (Boer et al.,
2015)(Ahn et al., 2018)(Gruijters, 2020); the baseline data are presented here to characterise the sample
rather than to establish equivalence. The demographic profile of the sample is consistent with the
documented epidemiology of lumbar disc prolapse: the mean age of approximately 42 years falls within the
peak-incidence window of 30-50 years, and the male preponderance (44 males, 26 females) is consistent
with the influence of cumulative mechanical loading and occupational exposure described in the literature
(Shiga, 2022)(Hincapié et al., 2024)(VN et al., 2021).

4.1 Lumbar spinal mobility

Six weeks of the AACEP produced large gains in lumbar mobility: flexion increased by 14.74°, extension by
9.77°, and bilateral side flexion by approximately 9-10°, all with large paired-difference effect sizes (dz =
4.05 to 6.44), while the control group showed negligible change in every movement direction (e.g., flexion
+0.37°, p = 0.10). These findings align with a substantial body of evidence demonstrating that structured
exercise improves lumbar range of motion in disc herniation. Randomised comparisons of stabilisation-
based programmes have reported meaningful gains in lumbar mobility alongside improvements in pain and
disability (Ameri et al., 2025)(Chughtai et al., 2025), and systematic review evidence indicates that exercise
programmes of six to twelve weeks consistently improve spinal mobility, pain, physical function and quality
of life in lumbar disc herniation (Wang et al., 2024). Trunk-focused exercise has similarly been shown to
improve mobility, disability and quality of life in people with spinal pain (Prat-Luri et al., 2023).

Several interacting mechanisms plausibly underlie the restoration of mobility. Restricted movement in disc
prolapse arises from pain, reflex muscle guarding, reduced peri-spinal tissue extensibility and disrupted
neuromuscular control. Progressive exercise reverses these maladaptive responses by restoring
coordinated muscle activation, enhancing segmental stability, and gradually exposing pain-sensitive
structures to controlled loading. The concurrent improvements in trunk endurance in the experimental
group support this interpretation, since efficient spinal movement depends on continuous interaction
between the active muscular system and the sensorimotor control mechanisms that regulate it (Panjabi,
1992)(Laird et al., 2014). The multidimensional design of the AACEP — progressive core activation, dynamic
stabilisation on unstable surfaces, resisted angular twisting and multi-planar movement control — likely
accounts for the magnitude of the gains, consistent with evidence that interventions incorporating
neuromuscular control and coordination training yield superior movement-quality outcomes in spinal
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disorders (Hlaing et al., 2021)(Boucher et al., 2016)(McCaskey et al., 2014).

4.2 static trunk muscle endurance L
Static endurance, assessed with the side bridge test, nearly doubled in the experimental group, from 7.94 +
0.91sto 15.77 +3.38 s (dz = +2.32), whereas it did not change significantly in the control group (7.66 + 1.00
s to 7.86 + 1.00 s, p = 0.12). Reduced trunk endurance is consistently observed in low back pain and is
identified as a risk factor for the development and persistence of symptoms, since fatiguing stabilisers lose
the capacity to maintain segmental stiffness and resist shear forces (Clael et al., 2021). The present gains
align with trial evidence that core stabilisation added to conventional treatment significantly increases back
muscle endurance in disc herniation (Jamil et al., 2023), and with meta-analytic evidence that exercise
improves lumbar extensor strength, endurance and electrical activity in non-specific low back pain (Clael et
al., 2021). Meta-regression evidence further indicates that the dose of stabilisation exercise is related to
the magnitude of improvement, supporting the value of structured progression (Mueller & Niederer, 2020).
The AACEP retained foundational isometric control work throughout while progressively adding dynamic
and unstable-surface  challenges, providing a graduated stimulus consistent with contemporary
recommendations that rehabilitation progress from motor control to functional strengthening (Jamil et al.,
2023)(Prat-Luri et al., 2023). Given that most daily and occupational activities require prolonged low-
intensity activation of the stabilising musculature rather than maximal force, the restoration of static
endurance has direct functional relevance for maintaining spinal alignment during sitting, standing, lifting
and repetitive tasks.

4.3 Dynamic trunk muscle endurance

Dynamic endurance, assessed as sit-up repetitions in 30 seconds, rose from 7.00 + 0.77 to 9.57 + 0.50
repetitions in the experimental group (dz = +5.14) and was unchanged in the control group (6.77 + 0.94 to
7.00 + 1.33, p = 0.18). Dynamic endurance reflects the capacity to sustain repeated trunk movement — the
demand profile of lifting, bending and transitional tasks — and is typically reduced in patients with chronic
low back pain, in whom earlier fatigue leads to compensatory recruitment of superficial muscles and
increased spinal loading. Trials in chronic lumbar disc herniation have reported improvements in trunk
endurance following stabilisation-based programmes (Ameri et al., 2025), and reviews of trunk-focused
exercise document gains in trunk physical fitness alongside reduced disability (Prat-Luri et al., 2023). The
magnitude of the effect observed here is best explained by the layering of the protocol: the progressive
addition of resisted angular twists at 45°, 90° and 130°, medicine ball work, Bosu-ball trunk rotation and the
mould pattern imposed repeated multi-planar dynamic demand that conventional flexion and extension
exercises do not.

4.4 Functional disability

Functional disability showed the most clinically striking improvement. The experimental group's ODI fell by
24.06 percentage points, from 47.46 * 3.43% (severe disability) to 23.40 + 2.17% (lower boundary of the
moderate band), with the largest effect size of any outcome other than flexion (dz = -6.35), whereas the
control group declined by only 2.86 points despite a statistically significant within-group change.
Interpreted against the standard ODI classification, in which 0—20% denotes minimal, 21-40% moderate
and 41-60% severe disability, this represents a transition across an entire disability category and is likely to
reflect a substantial change in the ability to perform activities of daily living (Vianin, 2008).

These findings are consistent with the broader rehabilitation literature. Core stabilisation exercise has
produced greater disability reductions than conventional treatment in disc herniation (Jamil et al., 2023),
and core stabilisation has been shown to be more effective than isolated modalities for reducing disability
in this population. Systematic review evidence confirms that structured exercise combining stabilisation,
motor control and progressive loading consistently reduces disability in lumbar disc herniation (Wang et al.,
2024)(Prat-Luri et al., 2023). Contemporary frameworks for assessing chronic low back pain emphasise that
recovery should be judged across multiple domains rather than by a single measure (Tagliaferri et al.,
2019), and the present results support that position: the reduction in disability tracked the concurrent gains
in mobility and endurance rather than occurring in isolation.

The magnitude of the reduction observed here is plausibly explained by the cumulative improvements in
mobility and endurance. By addressing these impairments simultaneously, the AACEP appears to have
produced a synergistic rather than additive improvement in functional capacity. The modest control-group
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reduction is consistent with the finding that any structured supervised exercise confers some functional
benefit (Wang et al., 2024)(Gugliotta et al., 2016); however, the effect in the-experimental group was"
several times larger, indicating the incremental value of the augmented protocol.

4.5 Integration across domains \

Within contemporary models of spinal stability — passive structures, active musculature and neural control
functioning as an integrated system (Panjabi, 1992) — the present findings indicate that the AACEP
addressed all three subsystems concurrently. Endurance gains reflect restoration of the active subsystem;
mobility gains reflect its functional integration with neural control; and the reduction in disability
represents the cumulative clinical expression of these interacting adaptations. This interdependence is well
illustrated by the documented relationship between muscular fatigue and movement quality: fatiguing
stabilisers compromise the maintenance of segmental stiffness and can degrade the precision of spinal
control (Clael et al., 2021)(Panjabi, 1992). Conversely, endurance-trained musculature preserves movement
quality during sustained activity, and the mobility gains observed here are consistent with that mechanism.
It is also relevant that the control group, which received comparable supervision, frequency and duration
but no structured progression or unstable-surface loading, showed no improvement in mobility or
endurance — a pattern indicating that the observed benefits were attributable to the content and
progression of the programme rather than to supervision, attention or the passage of time. Methodological
guidance on the interpretation of trial findings cautions against attributing outcomes to non-specific factors
without such a comparator, and the matched design of the present trial addresses that concern directly
(Shang et al., 2025)(Roode et al., 2024).

4.6 Strengths and limitations

The principal strengths of this trial are its randomised, parallel-group design; the use of a matched active
comparator that controlled for supervision, session frequency and duration; the a priori power calculation;
the use of objective, instrument-based measurement of mobility and endurance alongside a validated
patient-reported disability instrument (Vianin, 2008); and the reporting of effect sizes with confidence
intervals rather than reliance on p-values alone (Tugwell et al., 2024). The use of a genuine active control
condition is a particular strength, since it isolates the incremental effect of the augmented protocol over
routine care rather than comparing exercise with no treatment.

The study was conducted at a single centre with a six-week intervention and no long-term follow-up, so the
durability of the observed gains remains to be established. The sample comprised adults aged 30-50 years
recruited by convenience sampling, which may limit generalisability to older adults, postoperative patients
or those with severe neurological deficits. The study employed a single-blind design: participants were
blinded to allocation, but blinding of the treating therapist was not feasible and all outcome assessments
were performed by the researcher.

4.7 Clinical implications and future directions

The findings suggest that rehabilitation programmes for lumbar disc prolapse should incorporate explicit
progressive and dynamic control components — layered core activation, unstable-surface training and
multi-planar resistance — rather than focusing exclusively on general stretching and isolated strengthening
(Prat-Luri et al., 2023)(Mueller & Niederer, 2020). The emphasis of the protocol on static and dynamic
endurance is supported by meta-analytic evidence that exercise improves lumbar extensor strength,
endurance and activation in individuals with spinal pain (Clael et al., 2021), and by evidence that
stabilisation exercise confers dose-dependent benefit (Mueller & Niederer, 2020). Disability should be
monitored routinely using the ODI, and recovery conceptualised and evaluated across multiple outcome
domains rather than a single measure (Tagliaferri et al., 2019). Because the programme uses equipment
readily available in physiotherapy departments and progresses according to individual tolerance, it is
feasible for delivery in hospital, academic and community-based rehabilitation settings. Multicentre trials
with larger samples, longer follow-up, assessor blinding and imaging-based assessment are warranted to
confirm the durability of these benefits and to characterise the mechanisms underlying exercise-induced
improvement in this population (Oosterhuis et al., 2014)(Steffens et al., 2016).

5. Conclusion

1243

Adolescencia e Saude, vol. 21, No.9s, p. 1234-1247



Within the limits of this randomised controlled trial, a six-week Augmented Active Control Exercise
Programme was superior to conventional physiotherapy in individuals with lumbar-disc prolapse, producing
large and statistically significant improvements in lumbar spinal mobility, static and dynamic trunk muscle
endurance, and functional disability, with the ODI falling by 24.06 percentage points from severe to moderate
disability. The control group showed no meaningful change on any outcome apart from a small reduction in
disability. The convergence of large effect sizes across biomechanical, neuromuscular and functional domains
indicates that the AACEP acted on the integrated spinal stabilising system rather than on isolated
impairments. Given its feasibility within a routine outpatient setting using readily available equipment, the
AACEP represents a clinically practicable conservative rehabilitation strategy for lumbar disc prolapse;
multicentre trials with larger samples and longer follow-up are warranted to confirm the durability of these
benefits.
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