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Abstract

Background and Objectives: Despite extensive research on the management of chronic
low back pain, evidence regarding the additional benefits of incorporating lumbar exten-
sion-specific exercises into conventional core stabilization programs remains limited.
Therefore, the primary objective of this pilot study was to evaluate the feasibility of three
8-week exercise interventions in men in their 30s with chronic low back pain, including
recruitment feasibility, retention rate, adherence to exercise sessions, intervention accept-
ability, and safety. The secondary and exploratory objective was to determine preliminary
intervention effects and variability parameters for lumbar extensor strength, activities of
daily living, and pain intensity. These findings may help in designing, selecting the out-
come, and calculating sample size of a future definitive randomized controlled trial with
adequate statistical power. Methods: The study included 30 male participants aged 30-39
years with low back pain persisting for more than 12 weeks. They were randomly divided
into a MedX Exercise Program Group, a Deadlift Exercise Program Group, and a Core
Exercise Program Group. The intervention consisted of exercise sessions conducted twice
weekly for eight weeks. The intervention was evaluated by measuring lumbar extensor
strength, the ability to perform activities of daily living, and pain intensity before and after
the intervention. The collected data were tested for normality using the Shapiro-Wilk test,
and homogeneity was tested using one-way analysis of variance. Group differences be-
tween time periods were tested using two-way analysis of variance with repeated
measures. For outcome variables showing significant between-group differences at base-
line, additional analyses of covariance were conducted with the corresponding baseline
values included as covariates. Effect sizes and 95% confidence intervals were calculated
and reported for all outcome variables. As this pilot study was not designed to provide
confirmatory efficacy testing, analyses of secondary outcomes were considered explora-
tory in nature, and no adjustments for multiple comparisons were applied. Results: All
30 participants who underwent eligibility screening were randomized, and all partici-
pants completed the 8-week intervention and follow-up assessments, resulting in a 100%
retention rate. Intervention adherence was also 100%, with all 480 scheduled sessions
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completed (480/480). No intervention-related adverse events were reported, and complete
data were available for all outcome variables. For lumbar extensor strength, a significant
main effect of time was observed across all seven lumbar extension angles (all p < 0.001),
indicating significant improvements within all three groups. A significant time x group
interaction was observed only at 0° (p = 0.048); however, subsequent pairwise compari-
sons revealed no significant differences between any groups at follow-up. Activities of
daily living significantly improved in all three groups, and no significant between-group
differences were observed in the baseline-adjusted analysis of variance (p = 0.226). Pain
intensity significantly decreased in all groups, with the largest reduction observed in the
core stabilization exercise group (-78.05%). Post-hoc analyses demonstrated that the re-
duction in pain intensity was significantly greater in the core stabilization exercise group
than in both the MedX lumbar extension exercise group (p = 0.022) and the deadlift exer-
cise group (p = 0.042). Conclusions: All three 8-week exercise interventions were feasible,
achieving complete participant retention and adherence, with no reported adverse events.
Although Iumbar extensor strength, activities of daily living, and pain intensity signifi-
cantly improved across all groups, no additional benefits were noted from incorporating
MedX lumbar extension exercises or deadlift exercises into a common core stabilization
exercise program. Notably, the greatest reduction in pain intensity was observed in the
core stabilization exercise-only group. Given the exploratory nature and pilot design of
this study, these findings should be interpreted cautiously and require confirmation in
future adequately powered randomized controlled trials.

Keywords: activities of daily living; chronic low back pain; extensor exercise; MedX; pain
index

1. Introduction

In contemporary society, rapid industrialization has intensified workloads, and in-
adequate physical activity and poor nutritional habits have contributed to increasing obe-
sity rates [1]. Additionally, the growing prevalence of sedentary lifestyles has caused
weakening of the lumbar vertebral musculature, thereby increasing the incidence of low
back pain [2,3]; consequently, it is classified as a major disease alongside joint and heart
diseases [4]. Furthermore, it is one of the most frequently reported conditions in orthope-
dic practice worldwide [2-5].

Low back pain induces functional impairment in the musculature and surrounding
soft tissues of the lumbar region, thereby reducing muscular strength, muscular endur-
ance, and flexibility [6]. The incidence of low back pain increases markedly from the age
of 30 years [7], and it frequently occurs in the absence of identifiable causes. Clinically, it
is classified according to symptom duration: pain persisting for less than 6 weeks is de-
fined as acute pain, pain lasting 6-12 weeks is considered subacute pain, and pain contin-
uing for more than 12 weeks is regarded as chronic pain. Notably, chronic low back pain
is closely associated with reduced quality of life [6].

Chronic low back pain may be categorized as pain attributable to specific spinal pa-
thologies—such as a herniated intervertebral disc—or pain without an identifiable cause.
The participants in this study were adult men who used community exercise facilities and
had experienced low back pain for more than 12 weeks but had not been tested or diag-
nosed to exclude specific spinal pathologies. Therefore, the study population should not
be interpreted as being limited to individuals with non-specific low back pain. Rather, it
should be regarded as a cohort of individuals with chronic low back pain of undetermined
etiology. Individuals with chronic low back pain often exhibit reduced engagement in
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activities of daily living (ADLs), and such functional limitations may further exacerbate
pain [8]. Although symptoms of low back pain are observed across a wide age spectrum,
from childhood to individuals in their 60s and beyond [2,4], insufficient education regard-
ing appropriate spinal care and obesity-related factors may increase the chances of pro-
gression from acute to chronic low back pain [4-6,9].

The risk of low back pain increases with advancing age. Psychosocial factors—such
as anxiety and depression associated with psychological stress—also contribute to an ele-
vated risk [9,10]. Findings on spinal extensor strength and chronic low back pain indicate
that weakness in lumbar extensor muscles is a critical risk factor [11,12]. Specifically, re-
duced spinal extensor strength exacerbates pain and serves as a primary contributor to
the persistence of pain among individuals with chronic low back pain. For individuals
with such symptoms, rehabilitation exercise programs are broadly categorized into two
types: lumbar extensor strengthening exercises and core stabilization exercises [13].

The MedX lumbar extension exercise helps alleviate back pain by stabilizing the pel-
vis and lower extremities, thereby limiting compensatory movements from other muscle
groups and allowing for the isolated activation of the lumbar extensor muscles [14]. Sim-
ilarly, the deadlift, a well-known weight-training exercise for developing the posterior
chain, is associated with reduced low back pain and improved spinal extensor strength
when appropriately prescribed [15]. Notably, recent studies have demonstrated that core
stabilization exercise programs that incorporate flexibility training are effective in reduc-
ing pain among individuals with chronic low back pain [16]. Participants with this condi-
tion typically exhibit reduced spinal extensor strength; therefore, spinal extension exer-
cises and core stabilization exercises are essential components of their rehabilitation [16].

Recently published systematic reviews and meta-analyses have synthesized the evi-
dence regarding the effectiveness of these exercise interventions for chronic low back pain.
A 2025 meta-analysis of isolated lumbar extension exercises included eight randomized
controlled trials involving 381 participants and demonstrated a significant reduction in
pain intensity compared with untreated controls (effect size [ES] =—0.633, p = 0.004). How-
ever, no significant improvements were observed in functional disability (ES=-0.292, p =
0.190) or isometric lumbar extensor strength (ES = 0.967, p = 0.150), and the overall cer-
tainty of the evidence was rated as very low [17]. Importantly, because of the limited num-
ber of studies employing active comparator groups, a separate pooled analysis of active-
controlled trials could not be conducted. Consequently, the available evidence does not
support the conclusion that isolated lumbar extension exercises provide superior clinical
benefits compared with other exercise interventions.

A separate meta-analysis of posterior chain resistance exercises, including deadlift-
based training, analyzed eight studies involving 408 participants and found that both pos-
terior chain resistance exercises and general exercise programs improved outcomes re-
lated to chronic low back pain. However, the between-group differences became more
evident following longer intervention periods (12-16 weeks) than after shorter ones (6-8
weeks) [18]. Similarly, a 2025 meta-analysis comparing Pilates, core stabilization training,
and core resistance training reported that all three interventions significantly improved
pain and physical function, with no significant differences between exercise modalities (p
=0.24) [19]. Furthermore, a network meta-analysis comparing multiple exercise interven-
tions concluded that core stabilization and stabilization-based exercise programs signifi-
cantly improved pain and physical function in individuals with chronic low back pain.
Nevertheless, the authors noted that the current evidence is insufficient to recommend
one exercise modality over another because of the limited quality and quantity of the
available studies [20].

Collectively, these findings indicate that lumbar extension exercises, core stabiliza-
tion exercises, and deadlift-based resistance training are all effective interventions for
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chronic low back pain. However, no study has established the superiority of any single
exercise modality, and direct comparisons using active control groups remain scarce.
Moreover, because most previous studies have evaluated each exercise modality as a
standalone intervention, evidence regarding the incremental benefits of incorporating
lumbar extension-specific exercises or deadlift training into a standardized core stabiliza-
tion program remains limited.

More recently, several studies have begun to investigate the additive effects of com-
bining other exercise modalities with core stabilization programs. Kuzu et al. [21] ran-
domly assigned 60 older adults with chronic non-specific low back pain to either a core
stabilization exercise group or a combined intervention group that performed aerobic ex-
ercise in addition to core stabilization exercises. Following an 8-week intervention, both
groups demonstrated significant improvements; however, the combined intervention
group achieved greater improvements in functional capacity, physical performance, fall
risk, and pain intensity. These findings suggest that, although core stabilization exercise
is effective as a standalone intervention, combining it with complementary exercise mo-
dalities may provide additional clinical benefits. Nevertheless, evidence from such com-
bination-based intervention studies remains limited. In particular, the potential additive
effects of incorporating resistance-based exercises, such as lumbar extension-specific ex-
ercises or deadlift training, into a core stabilization program have not yet been adequately
investigated.

However, limited research exists comparing the effectiveness of core stabilization
programs that utilize MedX lumbar extension exercises with those that incorporate the
deadlift. Accordingly, it becomes imperative to determine which type of extension-based
exercise is more effective in improving spinal extensor strength and pain outcomes in par-
ticipants with chronic low back pain. However, studies directly comparing the relative
effects of adding MedX lumbar extension or deadlift exercises to a standardized core sta-
bilization program remain scarce. Moreover, before conducting a fully powered random-
ized controlled trial, it is necessary to establish the feasibility of these interventions and
generate preliminary estimates of their potential effects. Accordingly, this pilot study had
two primary objectives. Objective 1 was to evaluate the feasibility of an 8-week interven-
tion incorporating either MedX lumbar extension exercises or deadlift exercises into a
common core stabilization program by assessing recruitment, retention, attendance com-
pliance, intervention acceptability, data completeness, and safety. Objective 2 was to char-
acterize changes in lumbar extensor strength, activities of daily living, and pain intensity
across the three intervention programs, and to generate preliminary estimates of effect
sizes, confidence intervals, and outcome variability to inform the design and sample size
calculation of a future definitive trial. Because this pilot study was not designed to estab-
lish treatment efficacy or determine the superiority of one exercise modality over another,
the analyses were conducted from an exploratory perspective rather than through formal
hypothesis testing.

2. Materials and Methods
2.1. Design and Participants

This pilot study was designed as a prospective, randomized, single-blind controlled
trial. The study followed a two-time-point design (pre- and post-intervention). Baseline
assessments were conducted three days before the intervention, and post-intervention as-
sessments were performed, on average, three days after its completion. The study partic-
ipants were recruited from individuals who visited a Medi&Fit fitness center in Seoul,
Republic of Korea. Participants included only men aged 30-39 years with chronic low
back pain who had experienced symptoms for at least 12 weeks. The age range was lim-
ited to individuals in their 30s based on epidemiological evidence indicating that the
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prevalence of low back pain increases substantially from the age of 30 onward. This age
group was selected to evaluate the effects of exercise intervention in individuals at a stage
when chronic low back pain begins to become clinically established. The study was fur-
ther restricted to male participants to minimize biological heterogeneity. Sex-related dif-
ferences exist in both the absolute magnitude of lumbar extensor muscle strength and the
patterns of adaptation to resistance exercise. Therefore, in a pilot study with only 10 par-
ticipants per group, inclusion of both sexes was considered likely to increase outcome
variability and reduce the precision of the preliminary estimates. Furthermore, national
physical activity surveys have reported that participation in moderate- to vigorous-inten-
sity physical activity is approximately 25% among men and 15% among women [22], sug-
gesting that the impact of insufficient physical activity on chronic low back pain may dif-
fer by sex. These eligibility restrictions were implemented as a deliberate design strategy
to maximize sample homogeneity and internal validity in this small-scale pilot study.
However, this may limit the external validity and generalizability of the findings. This
issue is addressed in the Section 4.2.

Eligibility was limited to those who, after receiving a comprehensive explanation of
the study’s purpose and procedures, voluntarily expressed their willingness to participate.
Participants were men aged 30-39 years who self-reported low back pain persisting for at
least 12 weeks. Participants were recruited from community exercise facilities, and specific
spinal pathologies, such as intervertebral disc herniation or spinal stenosis, were neither
screened for nor excluded through imaging examinations or clinical diagnoses. Therefore,
the study participants should not be considered a sample of individuals with non-specific
chronic low back pain, but rather a population with chronic low back pain of undeter-
mined etiology. Participants were excluded if they had any limitation that prevented ac-
curate assessment of lumbar extensor muscle strength, had undergone surgical or non-
surgical treatment for low back pain within the previous 3 months, or reported a pain
intensity score of 5 points.

Recruitment was conducted through posted notices on the center’s bulletin boards
as well as verbal announcements. Exclusion criteria included limitations in assessing lum-
bar extensor muscle strength, having undergone either non-surgical or surgical treatment
within the preceding three months, and a pain intensity score of five or higher on a nu-
meric rating scale. Because this study was designed as a pilot and feasibility trial, a formal
power analysis for confirming intervention efficacy was not considered an appropriate
primary basis for sample size determination. Instead, the sample size was determined ac-
cording to methodological recommendations for pilot studies [23-25], with 10 participants
per group and a total sample size of 30 participants. Nevertheless, to ensure transparency
and reproducibility, all parameters of the preliminary power analysis conducted during
the initial study design phase are reported. The analysis was performed using G*Power
version 3.1.9.7 (Heinrich-Heine-University, Diisseldorf, Germany) [26]. The selected test
was “ANOVA: Repeated measures, within-between interaction” under the F-test family,
with the following assumptions: effect size f = 0.50, ot = 0.05, statistical power = 0.80, three
groups, two measurement time points, a correlation of 0 between repeated measurements,
and a nonsphericity correction € = 1. Under these assumptions, the estimated minimum
sample size was 24 participants. Therefore, 30 participants were recruited to account for
an anticipated 20% dropout rate. Three aspects of this calculation warrant clarification.
First, the calculation was not based on a specific clinical outcome variable; rather, it rep-
resented a general estimation for detecting a group x time interaction effect in a three-
group, two-time-point design. Furthermore, no primary efficacy outcome was prespeci-
fied because the present study was not designed to test treatment efficacy. In the current
manuscript, the primary outcome is the feasibility assessment, whereas lumbar extensor
strength, activities of daily living, and pain intensity are considered secondary
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exploratory outcomes. Second, the assumed effect size (f = 0.50) was not derived from
previous studies or preliminary data but was selected as a conventional value represent-
ing a large effect according to Cohen’s criteria. Third, the assumption of zero correlation
between repeated measurements represents a conservative approach compared with the
correlations typically observed in pre—post intervention studies, thereby yielding a larger
estimated sample size. However, the use of an assumed large effect size without empirical
justification may have resulted in an underestimation of the sample size required for a
definitive efficacy trial. This issue is acknowledged as a limitation of the present pilot
study.

These 30 participants were randomly distributed into three groups: the MedX Exer-
cise Program Group (MEPG; n = 10), the Deadlift Exercise Program Group (DEPG; n =10),
and the Core Exercise Program Group (CEPG; n = 10). The CONSORT flow diagram ap-
plied in this study is presented in Figure 1. The baseline characteristics of the participants
and the baseline values of the outcome variable are presented in Table 1. The results of
the between-group tests for baseline characteristics are intended to describe the partici-
pants’ starting points and are not presented as evidence to prove the validity of random-
ization. This study was designed as a prospective experimental study conducted in a non-
clinical setting. All procedures in this study were approved by the Institutional Review
Board of Korea National Sport University (IRB approval number: 1263-202406-HR-084-02;
approval date: 19 July 2024) and were conducted in accordance with the principles of the
Declaration of Helsinki. Prior to IRB approval, only the identification of potential partici-
pants who expressed an interest in participating in the study was performed. During this
period, no written informed consent was obtained, no eligibility assessments were con-
ducted, and no research-related data were collected. Following IRB approval, potential
participants were contacted, provided with detailed information regarding the study ob-
jectives and procedures, and asked to provide written informed consent. Eligibility screen-
ing was conducted only after informed consent had been obtained. The first participant
was enrolled on 22 July 2024. Data collection, including the 8-week intervention and pre-
and post-intervention assessments, was completed on 20 September 2024, and the study
was concluded on 27 September 2024. This study was retrospectively registered with the
Clinical Research Information Service (CRiS) of the Korea Disease Control and Prevention
Agency on 7 June 2026, after completion of participant enrollment (registration number:
KCT0012086). The potential methodological implications of retrospective registration, in-
cluding concerns regarding selective outcome reporting and reduced transparency com-
pared with prospective registration, are addressed in Section 4.2. Additionally, the partic-
ipants were informed that they could withdraw from the study at any time during the
study period.

https://doi.org/10.3390/healthcare14162550
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Assessed for eligibility (n = 30)

Enroliment
Excluded (n=0)
"| + Not meeting criteria (n = 0)
! * Daclined to participate (n = 0)
Randomized (n = 30)
|
Allocation
Y i L
MedX Exercise Program Deadlift Exercise Program Core Exercise Program
Group (MEPG) Group (DEPG) Group (CEPG)

Allocated to intervention (n = 10}
* Received intervention (n = 10)
* Did not receive (n = 0)

Allocated to intervention (n = 10)
* Received intervention (n = 10)
* Did not receive (n = 0)

Allocated to intervention (n = 10)
* Received intervention (n = 10)
* Did not receive (n = 0)

I

Follow-up (8 weeks)

¥

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

Adherence
» Sessions attended: 160/160
» Mean attendance: 16/16 {100%)

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

Adherence
» Sessions attended: 160/160
* Mean attendance: 16/16 (100%)

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

Adherence
» Sessions attended: 160/160
» Mean attendance: 16/16 (100%)

Analysis

A

Analyzed (n = 10)
+ Excluded from analysis (n = 0)
+ Missing outcome data (n = 0)

Analyzed (n = 10)
+ Excluded from analysis (n = 0)
+ Missing outcome data (n = 0)

Analyzed (n = 10)
» Excluded from analysis (n = 0)
» Missing outcome data (n = 0)

Figure 1. CONSORT flow diagram. Adherence was defined as the number of sessions attended out
of the 16 scheduled sessions (twice weekly for 8 weeks). All 30 participants attended all 16 sessions
(480/480 sessions, 100%).
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Table 1. Baseline characteristics of the participants (n = 30).

Variable MEPG (n=10) DEPG(®r=10) CEPG((n=10) F(2,27) 4 np?
Demographic and physical characteristics

Age (years) 35.50 £2.80 33.90 £2.56 35.00+3.71 0.714 0.499  0.050

Height (cm) 176.40 £ 3.63 170.30 £ 6.65 175.80 +3.52 4.751 0.016  0.260

Weight (kg) 71.02 £5.26 70.68 +7.69 70.68 +10.40 0.006 0.994  0.000

Body mass index (kg/m?) 22.81 +1.38 24.42 +2.39 22.95+3.93 1.028 0.370  0.071

Outcome variables at baseline

Extensor strength, 0° (ft-1bs) 102.50 + 50.45 101.90 + 50.90 83.10 £26.72 0.631 0.540 0.045

Extensor strength, 12° (N) 136.80 + 44.12 113.40 +45.02 114.20 +46.22 0.867  0.432  0.060

Extensor strength, 24° (N) 157.10 + 44.54 130.70 + 57.51 127.40 + 51.15 1.005 0.379  0.069

Extensor strength, 36° (N) 168.50 + 41.51 148.40 + 59.94 137.60 + 43.95 1.018 0.375  0.070

Extensor strength, 48° (N) 175.70 £ 44.14 163.70 £ 65.14 151.00 + 39.08 0.593 0.560  0.042

Extensor strength, 60° (N) 185.90 + 47.49 166.60 + 61.31 159.30 +41.78 0.730 0.491 0.051

Extensor strength, 72° (N) 185.40 + 45.34 182.30 + 62.55 167.70 + 39.68 0.355 0.704  0.026
Oswestry Disability Index 26.60 + 6.40 18.40 + 4.88 25.40 £ 5.66

y(poin’fs) Y (53.20 £12.80%) (36.80£9.76%) (50.80 +11.32%) 6.079 0007 0.310

Pain intensity, NRS (0-10) 4.20 £ 0.63 410+0.74 410+ 0.57 0.079 0.924  0.006

MEPG: MedX Exercise Program Group; DEPG: Deadlift Exercise Program Group; CEPG: Core Ex-
ercise Program Group; NRS: numeric rating scale; np* partial eta squared. Values are mean + stand-
ard deviation. Group homogeneity was examined using one-way analysis of variance. Higher
Oswestry Disability Index scores indicate greater disability. Baseline Oswestry Disability Index
scores differed significantly among groups; accordingly, analysis of covariance with the baseline

value as covariate was additionally performed for this outcome.

2.1.1. Randomization and Blinding

The 30 participants who met the eligibility criteria were randomly allocated to three
groups (10 participants per group): the MedX lumbar extension exercise group (MEPG),
deadlift exercise group (DEPG), and core stabilization exercise group (CEPG). However,
because the study protocol was not prospectively registered prior to participant recruit-
ment, the specific method used to generate the randomization sequence, the personnel
responsible for the randomization process, and the implementation of allocation conceal-
ment procedures were not documented at the time of the study and could not be verified
retrospectively. Therefore, the adequacy of allocation concealment cannot be confirmed.
Blinding of participants and intervention providers was not feasible because of the nature
of the exercise interventions. However, pre- and post-intervention outcome assessments
were conducted by an independent researcher who was not involved in group allocation.
Furthermore, the researcher responsible for intervention delivery and outcome assess-
ment was not involved in statistical analysis. Therefore, the study incorporated assessor
blinding, although participant and intervention-provider blinding were not possible. The
absence of documented randomization procedures and the inability to verify allocation
concealment introduce the potential for selection bias. This limitation should be consid-
ered when interpreting baseline differences between groups, including the observed im-
balance in ADLs scores. This issue is addressed in the Section 4.2.
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2.1.2. Feasibility Outcome Variables and Progression Criteria

The primary outcomes of this study consisted of five feasibility indicators: (i) recruit-
ment: the enrollment ratio relative to the number of eligible individuals and the time re-
quired to complete recruitment; (ii) retention rate: the proportion of participants who
completed the post-intervention assessment; (iii) attendance compliance: the number of
attended sessions out of the 16 scheduled sessions and the proportion of participants who
attended >75% of the sessions; (iv) intervention acceptability: the number of participants
who requested withdrawal or discontinued participation due to intervention-related rea-
sons; and (v) safety: the number and severity of intervention-related adverse events. The
secondary outcomes, including lumbar extensor strength, activities of daily living, and
pain intensity, were considered exploratory outcomes intended to generate preliminary
estimates of effect sizes, confidence intervals, and outcome variability for the planning of
a future definitive trial, rather than to provide confirmatory evidence of intervention effi-
cacy. The progression criteria were defined as follows: Go was defined as a retention rate
of >80%, Amend as a retention rate of 60-79%, and Stop as a retention rate of <60%. At-
tendance compliance was considered acceptable when participants attended at least 75%
of the 16 scheduled sessions, and progression required the absence of serious interven-
tion-related adverse events. However, because the study protocol and statistical analysis
plan were not prospectively registered prior to participant recruitment, these progression
criteria were established retrospectively and should not be interpreted as prespecified de-
cision rules. This limitation is acknowledged in Section 4.2. The reporting of this study
followed the CONSORT 2010 extension for randomized pilot and feasibility trials [27].

2.2. Exercise Intervention

Each group underwent an eight-week exercise program as the intervention. All three
groups in this study received the same core stabilization exercise program. In addition,
the MEPG performed MedX lumbar extension exercises, whereas the DEPG performed
deadlift exercises. Therefore, this study employed an add-on design to examine the incre-
mental effects of incorporating different primary exercise modalities into a standardized
core stabilization program, rather than comparing exercise interventions with a non-exer-
cise control condition. All groups participated in supervised exercise sessions twice
weekly for 8 weeks. The duration of each session differed according to the intervention
group: sessions for the MEPG and DEPG lasted approximately 45 min because they in-
cluded the additional main exercise components, whereas sessions for the CEPG lasted
approximately 35 min because no additional main exercise was performed. The structure
and duration of the core stabilization program were identical across all groups, consisting
of a 15-min warm-up, 15 min of bracing and core stabilization exercises, and a 5-min cool-
down. All exercise interventions were performed at a Medi&Fit fitness center in Seoul,
Republic of Korea, under standardized equipment and supervision conditions, and were
conducted in a non-clinical setting rather than in a hospital or clinical institution.

2.2.1. MedX Exercise Program

The MedX exercise program was conducted using MedX 96 (Ocala, FL, USA). We
assessed the maximal lumbar extensor strength and set the training intensity at 40-50% of
this maximum. The procedure for adjusting exercise intensity throughout the intervention
period is described in Section 2.2.4. For the warm-up, participants performed stretching
exercises targeting the hip region for 10 s per muscle group across two sets, for a total
duration of 15 min. Regarding strengthening exercises, participants performed lumbar
extension exercises in three sets of 15 repetitions, totaling approximately 10 min. As addi-
tional exercises, participants performed bracing maneuvers in supine and standing posi-
tions, holding each for 10 s across 20 repetitions. Core exercises were performed in two
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sets of 15 repetitions, for a total duration of 15 min. Finally, a 5-min cycling session was
included as the cool-down (Table 2).

Table 2. Structure of the MedX exercise program.

Phase

Classification Exercise Repetition or Time

MedX (1-8 weeks)

Quadriceps

Hamstring

Warm-up (stretching) Iliopsoas 10 s 2 sets/15 min

Piriformis

Glutes

Strengthening MedX lumbar extension 15 reps 3 sets/10 min

Supine abdominal bracing

10 s 20 reps
Standing abdominal bracing

Dead bug
Birddog
Crunch

Leg raises

Additional exercise

15 reps 2 sets/15 min

Cool-down Cycling 5 min

The prescribed intensity was maintained throughout the 8-week period, with individual adjust-

ments made by the supervising instructor. No predefined progression criteria were applied.

2.2.2. Deadlift Exercise Program

The deadlift exercise program was adapted and refined based on previously estab-
lished protocols [28]. After conducting an indirect estimation of the one-repetition maxi-
mum, we set the training intensity at 40-50% of this maximum [28]. The procedure for
adjusting exercise intensity throughout the intervention period is described in Section
2.2.4. For the warm-up, participants performed stretching exercises targeting the hip re-
gion for 10 s per muscle group across two sets, for a total duration of 15 min. Regarding
strengthening exercises, participants performed Romanian deadlifts in three sets of 15
repetitions, totaling 10 min. As additional exercises, bracing was performed in supine and
standing positions, maintaining each for 10 s and repeating 20 times. Core exercises were
performed in two sets of 15 repetitions, for a total duration of 15 min. Finally, the cool-
down phase consisted of 5 min of cycling (Table 3).

Table 3. Structure of the deadlift exercise program.

Phase Classification Exercise Repetition or Time

Quadriceps

Hamstring

Warm-up (stretching) Iliopsoas 10 s 2 sets/15 min
Piriformis
Deadlift (1-8 weeks) Glutes
Strengthening Romanian deadlift 15 reps 3 sets/10 min
Supine abdominal bracing
o ) - - - 10 s 20 reps
Additional exercise Standing abdominal bracing

Dead bug 15 reps 2 sets/15 min
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Birddog

Crunch

Leg raises

Cool-down Cycling 5 min

The prescribed intensity was maintained throughout the 8-week period, with individual adjust-

ments made by the supervising instructor. No predefined progression criteria were applied.

2.2.3. Core Exercise Program

The core exercise program consisted solely of warm-up and additional exercises. The
core exercise program group performed only the core stabilization exercises that were
common to all three intervention groups and did not receive any additional primary ex-
ercise modality, such as MedX lumbar extension or deadlift exercises. Therefore, this
group should be considered an active comparison group receiving the standardized core
stabilization program alone, rather than a non-exercise control group with no exercise in-
tervention. The warm-up comprised stretching exercises targeting the hip region, per-
formed for 10 s per muscle group across two sets, for a total duration of 15 min. The ad-
ditional exercises included bracing maneuvers executed in supine and standing positions,
holding each for 10 s and repeating 20 times in each position. Core exercises were also
performed in two sets of 15 repetitions, totaling 15 min. Finally, a 5-min cycling session
was performed as a cool-down exercise [16] (Table 4).

Table 4. Structure of the core exercise program.

Phase

Classification Exercise Repetition or Time

Core (1-8 weeks)

Quadriceps

Hamstring

Warm-up (stretching) Iliopsoas 10 s 2 sets/15 min

Piriformis

Glutes

Supine abdominal bracing

10 s 20 reps
Standing abdominal bracing

Dead bug
Birddog

Crunch

Additional exercise

15 reps 2 sets/15 min

Leg raises

Cool-down Cycling 5 min

The prescribed intensity was maintained throughout the 8-week period, with individual adjust-

ments made by the supervising instructor. No predefined progression criteria were applied.

2.2.4. Supervision, Intensity Control, and Compliance with Intervention

Equivalence of Exercise Volume: All three groups performed the same warm-up (15
min), core stabilization exercises (two sets of 15 repetitions; approximately 15 min), and
cool-down (5 min of cycling). The only difference between groups was the inclusion and
type of the additional primary exercise modality. Specifically, the MEPG performed MedX
lumbar extension exercises, and the DEPG performed Romanian deadlift exercises (three
sets of 15 repetitions; approximately 10 min), whereas the CEPG did not perform an ad-
ditional primary exercise. Consequently, the total session duration was approximately 45
min for the MEPG and DEPG and approximately 35 min for the CEPG. Although the
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common exercise components and their volume were identical across groups, the total
exercise volume differed because of the presence or absence of the additional exercise
component. This difference was an inherent feature of the add-on design, which was in-
tended to evaluate the incremental effects of incorporating specific additional exercises
into a standardized core stabilization program. This issue is addressed in the Section 4.2.

Supervision: All exercise sessions were conducted under the supervision of exercise
instructors affiliated with the facility where the study was conducted. Instructors were
present throughout each session to monitor exercise performance, provide corrective
feedback regarding movement technique, and instruct participants to discontinue the rel-
evant exercise if pain or discomfort occurred.

Intensity Adjustment: All groups performed the intervention for 8 weeks using the
initial exercise intensity established at the beginning of the program. The initial intensity
was set at 40-50% of maximal lumbar extension strength for the MEPG and at 40-50% of
the estimated one-repetition maximum based on an indirect maximal repetition assess-
ment for the DEPG. During the intervention period, exercise intensity was individually
adjusted by supervisors based on the perceived exertion and exercise performance of the
participants. However, predefined criteria for progression, including the timing and mag-
nitude of intensity increases, were not established, and systematic reassessments of max-
imal strength or maximal repetition capacity were not performed during the 8-week in-
tervention. This approach was adopted to prioritize safety within a low-intensity exercise
protocol for individuals with chronic low back pain. Nevertheless, the absence of stand-
ardized progression criteria is acknowledged as a limitation.

Compliance: The intervention consisted of 16 supervised sessions conducted twice
weekly over 8 weeks. All 30 participants completed all 16 sessions, resulting in an attend-
ance compliance rate of 100% (480 attended sessions out of 480 scheduled sessions). No
make-up sessions were required, and no participants requested intervention discontinu-
ation or withdrew from the study. Rest intervals between sets and movement velocity
were not prespecified in the intervention protocol and were not recorded during the in-
tervention period. Therefore, these parameters could not be reported in the present man-
uscript. The lack of documentation regarding these variables is acknowledged as a limi-
tation affecting intervention reproducibility.

2.3. Outcome Measures
2.3.1. Lumbar Extensor Strength

Lumbar extensor strength was assessed using the MedX Lumbar Extension Machine
(MedX 96, Ocala, FL, USA) in accordance with the MedX testing protocol. Before testing,
participants performed approximately 10 min of preparatory warm-up stretching and re-
ceived sufficient instruction regarding the equipment and testing procedure. However, a
separate session for familiarizing them with the measurement equipment was not con-
ducted in this study. Instead, participants received detailed instructions and performed
warm-up trials on the day of the pre-intervention assessment. During the assessment, the
pelvis and thigh were fully stabilized using pelvic and thigh restraint systems, while a
posterior head pad was applied to ensure proper alignment. Participants grasped the han-
dles with both hands throughout the procedure. Testing was conducted at lumbar flexion
angles of 72°, 60°, 48°, 36°, 24°, 12°, and 0°, with maximal isometric lumbar extension
strength measured once at each angle in a sequential manner. Participants maintained
forward gaze during testing and received visual feedback, while maximal effort was ex-
erted against the backrest for 1-3 s at each interval to achieve peak force output at each
angular position. Between testing intervals, participants performed lumbar extensor
stretching and rested for 20-30 s. A single maximal isometric contraction was performed
at each lumbar flexion angle in accordance with the standardized MedX testing protocol.
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This approach was adopted because repeated maximal contractions across seven different
angles could introduce cumulative fatigue, potentially leading to a systematic underesti-
mation of strength measurements at subsequent angles. The measurement sequence was
standardized for all participants and conducted in a descending order of flexion angle (72°
to 0°). To minimize the influence of fatigue, lumbar extensor stretching and a 20-30 s rest
period were provided between measurements at each angle. However, because repeated
measurements were not obtained and mean values from multiple trials were not calcu-
lated, the reliability and within-participant variability of the measurements could not be
estimated. This issue is acknowledged as a limitation of the present study. Lumbar exten-
sor strength was recorded in foot-pounds (ft-1b). For statistical analyses, maximal isomet-
ric extensor strength values obtained at each flexion angle were analyzed separately. The
summed strength value across all measured angles was not calculated or included as an
outcome measure. The reliability of the MedX Lumbar Extension Machine has been re-
ported as 0.93 [29].

2.3.2. Ability to Perform ADLs

ADLs were assessed using the ODI (Oswestry Disability Index), a widely used in-
strument for evaluating functional disability associated with low back pain during daily
activities. The validated Korean version of the ODI was used in this study [30]. The ques-
tionnaire consists of 10 items assessing pain intensity, personal care, lifting, walking, sit-
ting, standing, sleeping, sexual activity, social life, and traveling. Each item is scored from
0 to 5 points, resulting in a total raw score ranging from 0 to 50 points, with higher scores
indicating greater functional disability. In the present study, raw ODI scores (0-50 points)
were used for statistical analyses. However, because ODI scores are commonly reported
internationally as percentages (0-100%), the corresponding percentage scores were also
presented in the results table for comparability with previous studies. Percentage scores
were calculated as follows: (raw ODI score + 50) x 100.

2.3.3. Pain Intensity

Low back pain intensity was assessed using an 11-point numeric rating scale (NRS)
ranging from 0 to 10, where 0 indicates no pain and 10 represents the worst pain imagi-
nable. Participants were asked to select and report a single integer that best represented
their current pain intensity at the time of assessment [31]. Unlike the visual analog scale
(VAS), which requires participants to indicate their pain intensity by marking a point
along a continuous line, the NRS used in this study requires the selection of a discrete
numerical value from 0 to 10. Therefore, this measure was appropriately classified as a
numeric rating scale rather than a visual analog scale.

2.4. Data Analysis

Descriptive statistics, such as means and standard deviations, were used to present
the data. Normality was assessed using the Shapiro-Wilk test, and the sample was found
to satisfy the assumption of normality (p > 0.05). Homogeneity among the groups was
examined using one-way analysis of variance. Baseline comparability between groups
was examined using one-way analysis of variance (ANOVA) for both demographic char-
acteristics and baseline values of all outcome variables, with the results presented in Table
1. However, these baseline comparisons were not conducted to determine whether ran-
domization was successful. When randomization is properly implemented, baseline dif-
ferences are expected to occur by chance, and statistical significance testing of baseline
characteristics does not provide evidence regarding the validity of group allocation.
Therefore, baseline comparisons in this study were performed solely to describe
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participant characteristics at study entry and to identify outcome variables with baseline
imbalances that may require covariate adjustment.

Two-way repeated-measures ANOVA was performed to examine the main effects of
time, group, and the time x group interaction. For outcome variables showing significant
baseline differences between groups, repeated-measures ANOVA alone was considered
insufficient to adequately account for baseline imbalance. Therefore, additional analyses
using analysis of covariance (ANCOVA), with baseline values entered as covariates, were
conducted. Adjusted means and Bonferroni-corrected post hoc pairwise comparisons
were reported. Prior to ANCOVA, the assumption of homogeneity of regression slopes
was evaluated by testing the group x covariate interaction term. All statistical results were
reported with F-values, degrees of freedom, and exact p-values. p-values were presented
to three decimal places, with values < 0.001 reported as p < 0.001. Effect sizes were ex-
pressed as partial eta squared (np?) with corresponding 95% confidence intervals, which
were calculated using the noncentral F distribution. For within-group pre—post changes,
mean differences, 95% confidence intervals, and Cohen’s dz values were reported.

Regarding statistical assumptions, the within-subject factor in the repeated-measures
analyses consisted of only two time points (pre-intervention and post-intervention).
Therefore, the assumption of sphericity was not applicable. When a repeated-measures
factor contains only two levels, the variance of the difference score has only one estimate,
and no comparison among variances is possible; consequently, Mauchly’s test of spheric-
ity cannot be performed and corrections such as Greenhouse-Geisser adjustment are un-
necessary. The assumption of homogeneity of variances between groups was assessed us-
ing Levene’s test. Although this assumption was satisfied for most outcome variables, un-
equal variances were observed for changes in lumbar extensor strength at 0° and 12° flex-
ion angles and for post-intervention activities of daily living scores. However, because all
groups had equal sample sizes (1 =10 per group), the F-test is considered relatively robust
to moderate violations of variance homogeneity. This issue is acknowledged in the Section
4.2. Observed power was not calculated in this study. Because observed power is derived
by treating the observed effect size as the true population parameter, it is mathematically
dependent on the p-value and does not provide additional information beyond the hy-
pothesis test itself [32-34]. Therefore, confidence intervals were reported to provide infor-
mation regarding the precision and uncertainty of the effect estimates.

Because this study was designed as an exploratory pilot study, statistical analyses of
secondary outcomes were conducted primarily for hypothesis generation rather than con-
firmatory inference. Repeated-measures ANOVA was performed for nine exploratory
outcomes, including lumbar extensor strength measured at seven angles, activities of
daily living, and pain intensity. Therefore, the potential inflation of Type I error due to
multiple testing should be considered. Two approaches were adopted to address this is-
sue. First, adjustment for multiple testing across different outcome domains was not ap-
plied in the primary analyses. This decision was based on the exploratory nature of the
pilot study, in which the primary objective was to generate preliminary effect estimates
rather than confirm specific hypotheses. Applying overly conservative corrections at this
stage may increase the risk of excluding potentially meaningful signals for future defini-
tive trials. Accordingly, p-values were interpreted as descriptive rather than confirmatory,
and greater emphasis was placed on effect sizes and 95% confidence intervals. Second, to
evaluate the potential influence of multiple testing, a sensitivity analysis was conducted
by treating the nine outcome variables as a single family of tests. The results of Bonferroni,
Holm, and Benjamini-Hochberg adjustments are presented in Appendix A (Table Al). In
addition, Bonferroni correction was applied to post hoc pairwise comparisons following
significant time x group interactions (Table A2). The standard deviations of changes in
each outcome variable were also reported to provide preliminary estimates for sample
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size calculation in future definitive trials. All analyses were performed using SPSS Statis-
tics 25.0 (IBM Corp., Armonk, NY, USA), with statistical significance set at p <0.05.

3. Results
3.1. Feasibility Outcomes

Recruitment began immediately after Institutional Review Board (IRB) approval (19
July 2024), using a previously established list of individuals who had expressed interest
in participating in the study. The first participant was enrolled on 22 July 2024. All 30
participants who underwent eligibility assessment met the inclusion criteria and were
randomly allocated to one of the three groups (10 participants per group), with no exclu-
sions after screening. No participants failed to receive their allocated intervention, were
lost to follow-up, or discontinued the intervention. Therefore, the retention rate was 100%
(30/30). Attendance compliance was also 100%, with all participants completing all 16
scheduled sessions (480 attended sessions out of 480 scheduled sessions), and all 30 par-
ticipants (100%) meeting the predefined attendance criterion of attending at least 75% of
the sessions. Data completeness was 100%, as all participants were included in the final
analysis and no missing data were observed for any outcome variables. No participants
requested withdrawal due to intervention-related reasons. However, a formal system for
prospectively collecting and documenting adverse events was not established in this
study. During the intervention period, no adverse events were reported by participants
or observed by the supervising instructors. According to the retrospectively established
progression criteria, the retention rate, attendance compliance, and data completeness
outcomes met the predefined thresholds for progression.

3.2. Changes in Lumbar Extensor Strength at 0°

Table 5 presents the results concerning lumbar extensor strength at a lumbar flexion
angle of 0°. The main effect of time was significant (F(1, 27) = 68.894, p <0.001, np?=0.718,
95% CI[0.494, 0.813]), indicating significant changes over time across all groups. The time
x group interaction was also significant (F(2, 27) = 3.397, p = 0.048, np? = 0.201, 95% CI
[0.000, 0.405]). However, the main effect of group was not significant (F(2, 27) =1.821, p =
0.181, np? = 0.119). Bonferroni-adjusted post hoc pairwise comparisons following the sig-
nificant time x group interaction revealed no statistically significant differences between
any group pairs (MEPG vs. DEPG: mean difference = 45.30, p = 0.073; MEPG vs. CEPG:
mean difference = 29.30, p = 0.455; DEPG vs. CEPG: mean difference = -16.00, p = 0.852).

Table 5. Changes in lumbar extensor strength at 0°.

. MEPG DEPG CEPG np? (95%
Variable (= 10) (n=10) (n=10) Source F df cn

P 0.718

. re . 102.50 + 37.03 101.90 +50.90 83.10 +42.67 Time 68.894 1,27 <0.001 (0.494-
intervention 0.813)
Post 0.119

. . 187.10 + 60.07 141.20 +40.77  138.40 +35.43 Group 1.821 2,27 0.181 (0.000-
intervention 0.317)
Mean change 84.60 (4840to  39.30 (18.70to  55.30 (29.80 to Time x group 0201

' ) ’ : ’ : 397 2,27 .04 .000—

(95% CI) 120.80) 59.90) 80.80) b 3.397 2, 0.048 (8 A(L)(())E(S))
Change (%) +82.54 +38.57 +66.55 Baseline 0.631 2,27 0.540 0.045
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homogene-
ity ©
Within-group p @ 0.002 0.006 0.003
Cohen’s dz 1.67 1.36 1.55
MEPG: MedX Exercise Program Group; DEPG: Deadlift Exercise Program Group; CEPG: Core Ex-
ercise Program Group; CI: confidence interval; np? partial eta squared; dz: Cohen’s d for paired
samples. Lumbar extensor strength was measured in ft-Ibs. Values are mean + standard deviation
unless otherwise indicated. 2 Paired ¢-test, Bonferroni-adjusted for three groups. ® Pairwise compar-
isons of change scores (Bonferroni): MEPG vs. DEPG mean difference 45.30, p = 0.073; MEPG vs.
CEPG 29.30, p = 0.455; DEPG vs. CEPG -16.00, p = 0.852. No pairwise comparison reached signifi-
cance. < One-way analysis of variance on pre-intervention values. This study was exploratory; p
values are descriptive and were not adjusted for multiple outcomes.
3.3. Changes in Lumbar Extensor Strength at 12°
Table 6 presents the results concerning lumbar extensor strength at a lumbar flexion
angle of 12°. The main effect of time was significant (F(1, 27) =75.297, p <0.001, np?=0.736,
95% CI [0.521, 0.824]), indicating significant changes over time across all groups. How-
ever, neither the main effect of group (F(2, 27) = 1.952, p = 0.162, np? = 0.126) nor the time
x group interaction (F(2, 27) = 1.278, p = 0.295, np? = 0.086) was statistically significant.
Table 6. Changes in lumbar extensor strength at 12°.
. MEPG DEPG CEPG np? (95%
Variabl S F df
arianie (= 10) (n=10) (= 10) ouree P o))
0.736
Pre- 136.80 + 113.40 + 114.20 =
Ti 75.297 1,27 <0.001 .521-
intervention 44.12 45.02 46.22 me >27 L 0001 (05
0.824)
Post 0.126
. . 212.50 + 62.57 175.40 £52.81 162.00 +34.75 Group 1.952 2,27 0.162  (0.000-
intervention
0.326)
75.70 0.086
M h, 2.00 (48.12  47.80 (26.7
?;g/c é‘gge (3446t0  ° t:% ) o 2 é 960) O Timexgroup 1278 2,27 0295  (0.000-
° 116.94) ' ' 0.275)
Baseline
Change (%) +55.34 +54.67 +41.86 homogeneity  0.867 2,27 0.432 0.060
b
Within-group p @ 0.007 <0.001 0.002
Cohen’s dz 1.31 3.19 1.62

MEPG: MedX Exercise Program Group; DEPG: Deadlift Exercise Program Group; CEPG: Core Ex-
ercise Program Group; CI: confidence interval; np? partial eta squared; dz: Cohen’s d for paired
samples. Lumbar extensor strength was measured in ft-Ibs. Values are mean + standard deviation
unless otherwise indicated. 2 Paired t-test, Bonferroni-adjusted for three groups. ® One-way analysis
of variance on pre-intervention values. This study was exploratory; p values are descriptive and

were not adjusted for multiple outcomes.

3.4. Changes in Lumbar Extensor Strength at 24°

Table 7 presents the results concerning lumbar extensor strength at a lumbar flexion
angle of 24°. The main effect of time was significant (F(1, 27) =85.599, p <0.001, np2=0.760,
95% CI [0.560, 0.840]), indicating significant changes over time across all groups.
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However, neither the main effect of group (F(2, 27) = 1.868, p = 0.174, np? = 0.122) nor the
time x group interaction (F(2, 27) =0.524, p =0.598, np?= 0.037) was statistically significant.

Table 7. Changes in lumbar extensor strength at 24°.

. MEPG DEPG CEPG np? (95%
1 F f
Variable (n=10) (n=10) (n=10) Source d p cn
0.760
Pre- 157.10 + 130.70 + 127.40 + _
intervention 44.54 57.51 51.15 Time 85599 1,27 <0.001 (g‘gig)_
Post 0.122
, _ 23390+6420 194.80+51.64 186.70 +38.46 Group 1868 2,27 0174  (0.000-
intervention
0.320)
Mean change  76.80 (36.52  64.10 (47.61  59.30 (36.91 0.057
O 199 A OO Ti 0524 2,27 0598  (0.000-
(95% CI) to 117.08) to 80.59) to 81.69) fmexgroup (o 193)
Change (%) +48.89 +49.04 +46.55 Baseline 1005 2,27 0379  0.069

homogeneity ©

Within-group p

a

0.006 <0.001 <0.001

Cohen’s dz 1.36 2.78 1.89

MEPG: MedX Exercise Program Group; DEPG: Deadlift Exercise Program Group; CEPG: Core Ex-
ercise Program Group; CI: confidence interval; np? partial eta squared; dz: Cohen’s d for paired
samples. Lumbar extensor strength was measured in ft-Ibs. Values are mean + standard deviation
unless otherwise indicated. ? Paired t-test, Bonferroni-adjusted for three groups. ® One-way analysis
of variance on pre-intervention values. This study was exploratory; p values are descriptive and
were not adjusted for multiple outcomes.

3.5. Changes in Lumbar Extensor Strength at 36°

Table 8 presents the results for lumbar extensor strength at a lumbar flexion angle of
36°. The main effect of time was significant (F(1, 27) = 94.418, p < 0.001, np2=0.778, 95% CI
[0.589, 0.852]), indicating significant changes over time across all groups. However, nei-
ther the main effect of group (F(2, 27) = 1.945, p = 0.163, np? = 0.126) nor the time x group
interaction (F(2, 27) = 0.862, p = 0.434, np? = 0.060) was statistically significant.

Table 8. Changes in lumbar extensor strength at 36°.

. MEPG DEPG CEPG np? (95%
Variable (1=10) (=10) (1=10) Source F df P cn
0.778
Pre- 168.50 + 148.40 + 137.60 + .
intervention 4151 59.94 4395 Time 94418 1,27 <0.001 (g-ggg)—
Post 0.126
. . 248.30 + 66.28 208.70 +47.71 198.50 +41.76 Group 1.945 2,27 0.163  (0.000-
intervention 0.325)
Mean change  79.80 (44.61 60.30 (37.60  60.90 (40.01 0.060
) ) ) . ) . Ti .862 2,27 434 .000-
(95% CI) to 114.99) to 83.00) to 81.79) ime x group  0.86 ' 043 (8 ggg)
Change (%) +47.36 +40.63 +44.26 Baseline 1.018 2,27 0.375 0.070
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homogeneity
b
Withingroupp - 50 <0.001 <0.001
Cohen’s dz 1.62 1.90 2.09
MEPG: MedX Exercise Program Group; DEPG: Deadlift Exercise Program Group; CEPG: Core Ex-
ercise Program Group; CI: confidence interval; np? partial eta squared; dz: Cohen’s d for paired
samples. Lumbar extensor strength was measured in ft-Ibs. Values are mean + standard deviation
unless otherwise indicated. * Paired t-test, Bonferroni-adjusted for three groups. » One-way analysis
of variance on pre-intervention values. This study was exploratory; p values are descriptive and
were not adjusted for multiple outcomes.
3.6. Changes in Lumbar Extensor Strength at 48°
Table 9 presents the results for lumbar extensor strength at a lumbar flexion angle of
48°. The main effect of time was significant (F(1, 27) = 82.125, p < 0.001, np?=0.753, 95% CI
[0.548, 0.835]), indicating significant changes over time across all groups. However, nei-
ther the main effect of group (F(2, 27) = 1.677, p = 0.206, np? = 0.110) nor the time x group
interaction (F(2, 27) = 1.503, p = 0.240, np? = 0.100) was statistically significant.
Table 9. Changes in lumbar extensor strength at 48°.
. MEPG DEPG CEPG np? (95%
v 1 F f
ariable (n=10) (n=10) (n=10) Source d p cn
0.753
Pre- 175.70 = 163.70 = 151.00 =
Ti 2.12 1,27 .001 .548—
intervention 44.14 65.14 39.08 tme 82.125 <0.001 - (0.548
0.835)
Post: 0.110
. . 259.50 +66.82 221.40+47.41 207.40 +39.40 Group 1.677 2,27 0.206  (0.000-
intervention
0.307)
Mean change 83.80 (49.70  57.70 (28.50  56.40 (35.79 0100
) ) ) ' ) ) Ti 1.503 2,27 0.240 0.000-
(95% CI) to 117.90) to 86.90) to 77.01) fme xgroup (
0.294)
Baseline
Change (%) +47.69 +35.25 +37.35 homogeneity  0.593 2,27 0.560 0.042
b
Within-
FHBIOUPP 0,001 0.005 <0.001
Cohen’s dz 1.76 1.41 1.96

MEPG: MedX Exercise Program Group; DEPG: Deadlift Exercise Program Group; CEPG: Core Ex-
ercise Program Group; CI: confidence interval; np? partial eta squared; dz: Cohen’s d for paired
samples. Lumbar extensor strength was measured in ft-Ibs. Values are mean + standard deviation
unless otherwise indicated. @ Paired t-test, Bonferroni-adjusted for three groups. ® One-way analysis
of variance on pre-intervention values. This study was exploratory; p values are descriptive and

were not adjusted for multiple outcomes.

3.7. Changes in Lumbar Extensor Strength at 60°

Table 10 presents the results concerning lumbar extensor strength at a lumbar flexion
angle of 60°. The main effect of time was significant (F(1, 27) = 118.201, p < 0.001, np? =
0.814, 95% CI [0.651, 0.876]), indicating significant changes over time across all groups.
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However, neither the main effect of group (F(2, 27) = 1.855, p = 0.176, np? = 0.121) nor the
time x group interaction (F(2, 27) =1.904, p =0.168, np?= 0.124) was statistically significant.

Table 10. Changes in lumbar extensor strength at 60°.

) MEPG DEPG CEPG np? (95%
1 F £
Variable (n=10) (n=10) (n=10) Source d cn
0.814
Pre- 185.90 + 166.60 + 159.30 + .
intervention 47.49 61.31 41.78 Time 118201 1,27 <0.001 (g‘ggé)_
Post 0.121
, _ 27650+72.60 236.60+53.72 21820+38.08  Group 1855 2,27 0176  (0.000-
intervention 031 9)
Mean change ~ 90.60 (55.79  70.00 (44.38  58.90 (44.15 0.124
: ' : ' : T 1904 2,27 0168  (0.000-
(95% CI) to 125.41) t0 95.62) to 73.65) fme xgroup (0 23
Baseline
Change (%) +48.74 +42.02 +36.97 homogeneity 0730 2,27 0491  0.051
b
Wlthm'agroup P <0001 <0.001 <0.001
Cohen’s dz 1.86 1.95 2.86

MEPG: MedX Exercise Program Group; DEPG: Deadlift Exercise Program Group; CEPG: Core Ex-
ercise Program Group; CI: confidence interval; np? partial eta squared; dz: Cohen’s d for paired
samples. Lumbar extensor strength was measured in ft-Ibs. Values are mean + standard deviation

unless otherwise indicated. ? Paired t-test, Bonferroni-adjusted for three groups. ® One-way analysis

of variance on pre-intervention values. This study was exploratory; p values are descriptive and

were not adjusted for multiple outcomes.

3.8. Changes in Lumbar Extensor Strength at 72°

Table 11 presents the results for lumbar extensor strength at a lumbar flexion angle
of 72°. The main effect of time was significant (F(1, 27) = 93.257, p <0.001, np? = 0.775, 95%
CI [0.585, 0.851]), indicating significant changes over time across all groups. The main ef-
fect of group was not significant (F(2, 27) = 1.488, p = 0.244, np? = 0.099). The time x group
interaction did not reach statistical significance (F(2, 27) = 3.058, p = 0.064, np? = 0.185).

Table 11. Changes in lumbar extensor strength at 72°.

_ MEPG DEPG CEPG np? (95%
Variable (1=10) (=10) (1=10) Source F df cn
0.775
Pre- 185.40 + 182.30 + 167.70 + .
intervention 45.34 62.55 39.68 Time 93257 127 <0.001 (g'ggf)_
Post 0.099
ST 0844047972 24810+5849 222.60+3458  Group 1488 2,27 0244  (0.000-
intervention
0.293)
Mean change  99.00 (58.09 65.80 (37.64 54.90 (41.41 0185
oS N A : 2,27 064 (0.000—
(95% CI) to 139.91) t0 93.96) to 68.39) ime x group 3.058 ' 0.06 (8 ggg)
Change (%) +53.40 +36.09 +32.74 Baseline 0355 2,27 0704  0.026
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homogeneity
b

Within-group p

0.001

0.002 <0.001

Cohen’s dz

1.73

1.67 291

MEPG: MedX Exercise Program Group; DEPG: Deadlift Exercise Program Group; CEPG: Core Ex-
ercise Program Group; CI: confidence interval; np? partial eta squared; dz: Cohen’s d for paired
samples. Lumbar extensor strength was measured in ft-Ibs. Values are mean + standard deviation
unless otherwise indicated. * Paired t-test, Bonferroni-adjusted for three groups. » One-way analysis
of variance on pre-intervention values. This study was exploratory; p values are descriptive and

were not adjusted for multiple outcomes.

3.9. Changes in the Ability to Perform ADLs

Changes in the ability to perform ADLs are presented in Table 12. The main effects
of time (F(1, 27) = 261.816, p < 0.001, np? = 0.907, 95% CI [0.818, 0.938]), group (F(2, 27) =
3.782, p = 0.036, np? = 0.219, 95% CI [0.000, 0.422]), and the time x group interaction (F(2,
27)=7.754, p = 0.002, np? = 0.365, 95% CI [0.067, 0.548]) were statistically significant. How-
ever, because a significant baseline difference in ADLs scores was observed among groups
(F(2,27) = 6.079, p = 0.007, np? = 0.310), an additional analysis of covariance (ANCOVA)
was performed with baseline ADLs scores entered as covariates. Following adjustment
for baseline values, the main effect of group was no longer significant (F(2, 26) =1.574, p =
0.226, np? = 0.108). The adjusted mean ADLs scores were 8.98 for the MEPG, 10.33 for the
DEPG, and 8.09 for the CEPG. Bonferroni-adjusted post hoc pairwise comparisons re-
vealed no significant differences among any of the group comparisons (MEPG vs. DEPG,
p = 0.276; MEPG vs. CEPG, p = 0.575; DEPG vs. CEPG, p = 0.414). Therefore, although
significant between-group differences were observed in the initial repeated-measures
analysis, these differences were not maintained after adjustment for baseline imbalance.

Table 12. Changes in the ability to perform ADLs.

Variable

MEPG
(n=10)

DEPG
(n=10)

CEPG
(n=10)

np? (95%

df D

Source

Pre-
intervention

26.60 + 6.40
(53.20 + 12.80%)

0.907
(0.818-
0.938)

18.40 + 4.88
(36.80 + 9.76%)

25.40 + 5.66

(50.80 + 11.32%) 261.816

Time 1,27 <0.001

Post-
intervention

9.80£1.75

(19.60 + 3.50%)

0.219
(0.000-
0.422)

9.00 £ 4.24
(18.00 + 8.49%)

8.60 £1.90

(17.20 + 3.79%) 3.782

Group 2,27 0.036

Mean change
(95% CI)

-16.80 (-20.51

to -13.09)

0.365
(0.067-
0.548)

-9.40 (-11.43 to
-7.37)

-16.80 (-21.08

to -12.52) 7754

Time x group 2,27 0.002

Change (%)

-63.16

Group

5109 (ANCOVA)

-66.14 1.574 2,26 0.226 0.108

Within-group p 2

<0.001

Baseline

<0.001 homogeneity ¢

<0.001 6.079 2,27 0.007 0.310

Cohen’s dz

-3.24

-3.31 -2.81

Adjusted mean
cb

8.98

10.33 8.09

MEPG: MedX Exercise Program Group; DEPG: Deadlift Exercise Program Group; CEPG: Core
Exercise Program Group; CI: confidence interval; np? partial eta squared; dz: Cohen’s d for paired

samples; ANCOVA: analysis of covariance. The ability to perform activities of daily living was
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assessed using the Korean version of the Oswestry Disability Index. Values are mean + standard
deviation unless otherwise indicated; higher scores indicate greater disability. Values in parentheses
are ODI percentage scores (raw score + 50 x 100). All analyses were performed on raw scores. ?
Paired t-test, Bonferroni-adjusted for three groups. ® Pairwise comparisons of ANCOVA-adjusted
means (Bonferroni): MEPG vs. DEPG p = 0.276; MEPG vs. CEPG p = 0.575; DEPG vs. CEPG p = 0.414.
¢ ANCOVA with the baseline value as covariate, performed because baseline scores differed
significantly among groups. Covariate mean = 23.47. ¢ One-way analysis of variance on pre-
intervention values. This study was exploratory; p values are descriptive and were not adjusted for

multiple outcomes.

3.10. Changes in Pain Intensity

Table 13 presents the results for pain intensity. The main effect of time (F(1, 27) =
152.488, p < 0.001, np? = 0.850, 95% CI [0.714, 0.900]), the main effect of group (F(2, 27) =
7.971, p = 0.002, np? = 0.371), and the time x group interaction (F(2, 27) = 5.861, p = 0.008,
np2 = 0.303, 95% CI [0.028, 0.497]) were all statistically significant. Because no significant
baseline differences in pain intensity were observed among the groups (F(2, 27) = 0.079, p
=0.924), an additional analysis of covariance (ANCOVA) was not performed. Bonferroni-
adjusted post hoc pairwise comparisons following the significant time x group interaction
revealed that the reduction in pain intensity was significantly greater in the CEPG than in
both the MEPG (mean difference =-1.40, p =0.022, Hedges’ g =-1.30) and the DEPG (mean
difference = -1.30, p = 0.042, Hedges’ g = -1.17). No significant difference was observed
between the MEPG and DEPG (mean difference = —0.10, p = 1.000, Hedges’ g =-0.10).

Table 13. Changes in pain intensity (NRS).

) MEPG DEPG CEPG np? (95%
Variable (=10) (1 =10) (1=10) Source F df cn
Pre- 0.850
. . 4.20+0.63 410+0.74 4.10+0.57 Time 152.488 1,27 <0.001 (0.714-
intervention 0.900)
Post 0.371
. . 2.40+0.70 2.20+0.79 0.90+0.74 Group 7.971 2,27 0.002  (0.071-
intervention 0.553)
Mean change -1.80 (-2.46 -1.90 (-2.61 -3.20 (-4.01 0.303
’ ) ) ) ’ : Ti b .861 2,27 . .028-
(95% CI) to -1.14) to -1.19) to-239) Limexgroup® 586 ' 0.008 (8 29;3)
Baseline
Change (%) -42.86 -46.34 -78.05 homogeneity 0.079 2,27 0.924 0.006
Wlthm'agroup P <0001 <0.001 <0.001
Cohen’s dz -1.96 -1.91 -2.82

MEPG: MedX Exercise Program Group; DEPG: Deadlift Exercise Program Group; CEPG: Core Ex-
ercise Program Group; NRS: numeric rating scale; CI: confidence interval; np? partial eta squared;
dz: Cohen’s d for paired samples. Pain intensity was assessed using an 11-point numeric rating scale
(0 =no pain, 10 = worst imaginable pain). Values are mean * standard deviation unless otherwise
indicated. @ Paired f-test, Bonferroni-adjusted for three groups. ® Pairwise comparisons of change
scores (Bonferroni): CEPG vs. MEPG mean difference —1.40, p = 0.022, Hedges’ g = —1.30; CEPG vs.
DEPG -1.30, p = 0.042, Hedges’ g = -1.17; DEPG vs. MEPG -0.10, p = 1.000, Hedges’ g =-0.10. < One-
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way analysis of variance on pre-intervention values. This study was exploratory; p values are de-

scriptive and were not adjusted for multiple outcomes.

4. Discussion

This pilot study aimed to evaluate the feasibility of an 8-week intervention incorpo-
rating either MedX lumbar extension or deadlift exercises into a common core stabiliza-
tion program and to generate preliminary estimates for a future definitive trial involving
men in their 30s with chronic low back pain. Regarding feasibility outcomes, all three pro-
grams demonstrated excellent retention and attendance compliance, with no reported in-
tervention-related adverse events. These findings support the feasibility and acceptability
of implementing a fully powered randomized controlled trial. However, findings related
to the secondary outcome variables should be interpreted as exploratory. Given the lim-
ited sample size and the primary purpose of this pilot study, the present results were not
designed to establish the efficacy or superiority of any specific intervention. Therefore, the
observed changes should be considered preliminary estimates to inform the design, sam-
ple size calculation, and outcome selection for a future definitive trial.

Lumbar extensor strength constitutes a critical determinant of spinal health [35].
Prior research has demonstrated that strengthening both the lumbar extensors and the
abdominal musculature is essential for preventing low back pain [35]. Comparative anal-
yses between participants with low back pain and asymptomatic healthy individuals have
revealed that participants experiencing low back pain exhibit reduced activation of the
spinal extensor muscle groups [35,36]. Additionally, individuals experiencing chronic low
back pain tend to report substantially lower lumbar muscle strength compared with
healthy counterparts. Intervention studies have reported that lumbar extension strength
training induces marked improvements in extensor strength and significantly reduces
pain among individuals with chronic low back pain [37,38]. These findings suggest that
enhancing lumbar stability is essential for preventing low back pain and helps improve
overall quality of daily life [35-38].

In this study, lumbar extensor strength was measured using the MedX Lumbar Ex-
tension Machine, which enables isolation of the lumbar musculature by stabilizing the
pelvis and lower extremities, while minimizing the involvement of other muscle groups.
Furthermore, the machine enables the assessment of lumbar extensor strength across
seven distinct angular positions, facilitating precise measurement at each angle. The find-
ings indicate that MedX-based lumbar extension training permits accurate, angle-specific
quantification of extensor strength and enables the prescription of individualized exercise
intensity based on these measurements. This capacity for tailored intervention is consid-
ered to have contributed to the substantial improvements observed, consistent with the
findings of previous studies [39,40]. Park and Lee [39] reported that continuous lumbar
extension training enhances spinal stability, thereby improving extension capacity. An-
other study found that MedX training is effective because it isolates lumbar extensor func-
tion without interference from other muscle groups, provides a fixed and stable body po-
sition without lateral deviation, and restricts movement to a precisely controlled range of
motion [40]. In summary, these findings suggest that lumbar extension-specific exercises
may contribute to improvements in lumbar extensor muscle strength among men in their
30s with chronic low back pain. However, although improvements in extension capacity
were observed in this study, the effects on flexion capacity were not assessed. Therefore,
further research is warranted to investigate the impact of MedX lumbar extension training
on spinal flexor strength. However, this study did not provide statistical evidence sup-
porting the superiority of MedX lumbar extension exercises over the other exercise pro-
grams. A significant time x group interaction was observed only at the 0° angle (p = 0.048);
however, none of the post hoc pairwise comparisons between groups reached statistical
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significance (minimum p = 0.073), and the finding did not remain significant after adjust-
ment for multiple comparisons (Bonferroni-adjusted p = 0.435). At the remaining six an-
gles, only significant main effects of time were observed. These findings indicate that all
three groups demonstrated significant improvements in lumbar extensor muscle strength
over time; however, there was insufficient evidence to conclude that the magnitude of
improvement differed among the exercise programs. This pattern is consistent with recent
meta-analytic evidence. A meta-analysis of lumbar extension-specific resistance exercise
reported significant reductions in pain intensity compared with untreated control condi-
tions but found no significant improvements in isometric muscle strength. Furthermore,
the effects of lumbar extension-specific exercise may not differ substantially from those of
other exercise modalities when evaluated against active comparison groups [17]. The pre-
sent study employed an active comparison design in which all groups performed the same
core stabilization program, with MedX lumbar extension exercises or deadlift exercises
added as supplementary interventions. Therefore, the absence of significant between-
group differences may reflect the comparable effects of different exercise approaches
when a common active exercise component is provided. Additionally, a meta-analysis of
posterior chain resistance exercises reported that differences between exercise approaches
were more apparent in longer intervention periods (12-16 weeks) than in shorter ones (6—
8 weeks) [18]. Accordingly, the 8-week intervention period used in the present study may
have been insufficient to detect potential additional effects of MedX lumbar extension ex-
ercises beyond the common core stabilization program.

In this study, the ODI was employed to assess functional disability associated with
chronic low back pain. The results revealed a statistically significant reduction in the level
of functional disability across all groups following the intervention. Two plausible expla-
nations may account for these findings. First, MedX lumbar extension training stabilizes
the pelvis and lower extremities while restricting the involvement of non-target muscula-
ture, thereby enabling isolated activation of the lumbar extensors in a controlled and safe
manner. Additionally, exercise intensity can be individualized based on prior assessment
of one’s extension capacity. As reported in previous studies, lumbar extension training
might have lowered disability scores related to daily activities [41]. Second, core stabiliza-
tion programs yield significant improvements in functional disability among affected in-
dividuals [42]. Collectively, these findings suggest that MedX-based Iumbar extension
training and core stabilization exercises are effective for improving the ability to perform
ADLs among participants with low back pain. However, baseline ADLs scores differed
significantly among the groups (F(2, 27) = 6.079, p = 0.007). The DEPG had a lower baseline
ADLs score than the other two groups, indicating a potentially limited capacity for further
improvement due to lower initial impairment. Therefore, the significant group effect ob-
served in the repeated-measures ANOVA may have reflected baseline differences rather
than true intervention effects. Supporting this interpretation, when baseline ADLs values
were included as covariates in ANCOVA, the between-group difference was no longer
statistically significant (F(2, 26) = 1.574, p = 0.226).

The potential influence of regression to the mean should also be considered in rela-
tion to this baseline imbalance. For ADLs, the groups with higher baseline impairment
(MEPG and CEPG) demonstrated larger reductions, whereas the group with lower base-
line impairment (DEPG) showed smaller changes. Therefore, regression to the mean may
have contributed partially to the observed pattern of ADLs improvement. In contrast,
baseline pain intensity did not differ among groups (F(2, 27) = 0.079, p = 0.924), suggesting
that regression to the mean alone cannot explain the greater pain reduction observed in
the CEPG. Thus, regression to the mean should be considered when interpreting ADLs
outcomes but does not sufficiently explain the pain-related findings.
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The absence of between-group differences in ADLs despite significant improvements
in lumbar extensor strength across all groups highlights the multidimensional nature of
functional disability in chronic low back pain. Canli and Oziidogru [43] reported that dis-
ability in patients with chronic nonspecific low back pain is influenced by multiple inde-
pendent factors, including activity-related pain, fear of movement, lower-extremity mus-
cle strength, balance ability, lumbar mobility, functional status, spinal posture, and spinal
control, which collectively explained a substantial proportion of the variance in ODI
scores. Therefore, functional disability in chronic low back pain is unlikely to be deter-
mined solely by lumbar extensor muscle strength but rather reflects interactions among
physical, psychological, and functional domains.

From this perspective, the comparable improvements in ADLs among the three
groups may be explained by the fact that all participants performed core stabilization ex-
ercises and engaged in regular supervised exercise participation. These factors may have
improved functional disability through mechanisms beyond muscle strength enhance-
ment, including improved motor control, reduced fear of movement, and increased con-
fidence in physical activity. Future studies should consider incorporating biopsychosocial
measures, such as fear of movement, psychological distress, and balance ability, to better
elucidate mechanisms underlying functional improvement. An unexpected finding of this
study was that the CEPG, which performed only core stabilization exercises, demon-
strated the greatest reduction in pain intensity. Although all three groups showed signif-
icant reductions in pain (MEPG: -42.86%; DEPG: —46.34%; CEPG: -78.05%), the reduction
in the CEPG was significantly greater than that in the MEPG (mean difference = 1.40, p =
0.022, Hedges’ ¢ = 1.30) and DEPG (mean difference = 1.30, p = 0.042, Hedges’ g = 1.17).
Because this finding was contrary to the original hypothesis, several possible explanations
should be considered.

First, the analgesic effects of core stabilization exercises themselves may have con-
tributed to this finding. Core stabilization exercise is an established intervention for
chronic low back pain and has been reported to improve neuromuscular control of deep
trunk musculature, enhance spinal stability, and reduce pain [16,44]. In this study, the
CEPG performed the same core stabilization program as the other groups without addi-
tional lumbar loading exercises. Therefore, it is possible that these participants experi-
enced sufficient therapeutic effects while experiencing less exercise-induced fatigue or de-
layed muscle soreness. Conversely, MedX lumbar extension exercises and deadlift exer-
cises impose greater mechanical demands on the lumbar extensor musculature, which
may enhance strength adaptation but potentially influence short-term pain perception
through fatigue or muscle soreness.

Second, the effects of general exercise participation should be considered. Previous
research has suggested that regular physical activity itself, rather than a specific exercise
modality alone, substantially alleviates chronic low back pain. The significant pain reduc-
tions observed in all three groups suggest that consistent participation in supervised ex-
ercise over eight weeks may have contributed to symptom improvement.

Third, contextual and psychological factors may have influenced pain outcomes. Be-
cause participant and intervention-provider blinding was not possible, expectancy effects,
attention from supervisors, and other contextual influences associated with exercise par-
ticipation cannot be excluded. However, there is no evidence that these factors selectively
favored the CEPG. Indeed, the opposite pattern would have been expected if novelty or
equipment-based expectations had played a dominant role, as the MedX group received
a more specialized intervention.

Additionally, this study did not monitor analgesic use or concomitant treatments
during the intervention period. Therefore, potential differences in medication use or ad-
ditional care among groups cannot be excluded and represent an important limitation
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when interpreting the pain findings. Regression to the mean is another potential explana-
tion; however, the available data do not strongly support this interpretation. Baseline pain
intensity was highly comparable among groups (MEPG: 4.20, DEPG: 4.10, CEPG: 4.10; F(2,
27) =0.079, p = 0.924), indicating similar potential for regression across groups. Further-
more, the association between baseline pain intensity and pain reduction was comparable
among groups (r = -0.62 to —0.83). Therefore, regression to the mean alone is unlikely to
explain the additional pain reduction observed in the CEPG. Nevertheless, these findings
should be interpreted cautiously. The post-intervention pain score in the CEPG was 0.90,
with three participants reporting no pain and eight reporting pain scores < 1, resulting in
clustering near the lower boundary of the scale. Thus, floor effects may have influenced
the magnitude of observed differences. Furthermore, because participants with pain in-
tensity =5 were excluded, the sample represented individuals with relatively mild chronic
low back pain, and whether similar patterns would occur in patients with moderate or
severe symptoms remains unknown.

In summary, the pain-related findings do not support the superiority of MedX lum-
bar extension or deadlift exercises over core stabilization exercises alone. Rather, they sug-
gest that substantial pain improvement may be achievable through core stabilization ex-
ercise alone within an 8-week supervised program. Importantly, because this study used
an add-on design in which all groups received the same core stabilization intervention,
the primary question was not whether each exercise was effective in isolation but whether
adding specific resistance-based exercises provided additional benefits beyond an estab-
lished exercise program. Detecting such incremental effects requires larger sample sizes
than those typically used in pilot studies. For example, previous research using a similar
additive design identified between-group differences with approximately 30 participants
per group [21], whereas the present study included only 10 participants per group. There-
fore, the absence of clear between-group differences should not be interpreted as evidence
of no additive effect but rather as preliminary findings requiring confirmation in ade-
quately powered randomized controlled trials.

4.1. Implications for the Design of Future Definitive Trials

One of the primary contributions of a pilot study is the estimation of outcome varia-
bility to inform sample size calculations for a future definitive trial. In this study, the
pooled standard deviations of change scores ranged from 36.86 to 41.54 ft-lbs across dif-
ferent lumbar extensor strength angles, 4.85 points for ADLs, and 1.02 points for pain in-
tensity. Using these estimates, preliminary sample size calculations were performed for
the future definitive trial. When the between-group effect sizes observed in the present
pilot study were directly applied, the estimated sample sizes varied substantially across
outcomes, ranging from 24 to 279 participants in total. This large variation is expected
because effect size estimates derived from small pilot samples are highly susceptible to
sampling variability and may not provide stable estimates of the true intervention effect.
Therefore, assuming a conservative moderate effect size (Cohen’s f = 0.25), a three-group
comparison with an alpha level of 0.05 and 80% statistical power would require approxi-
mately 53 participants per group (159 participants in total). Considering an anticipated 20%
dropout rate, approximately 201 participants would need to be recruited. These estimates
indicate that the present pilot study (total #n = 30) was not adequately powered to detect
small-to-moderate between-group differences. Accordingly, the limited number of signif-
icant between-group findings observed in this study should be interpreted cautiously.

Based on methodological issues identified during the conduct of this pilot study, sev-
eral recommendations should be considered when designing future definitive trials. First,
regarding participant selection and allocation, eligibility criteria should clearly define the
target population through systematic screening for specific spinal pathologies using
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appropriate clinical assessments and imaging procedures. Future trials should also con-
sider including participants of different sexes and age groups to evaluate potential effect
modification by demographic characteristics. Furthermore, stratified randomization
based on baseline functional impairment or symptom severity may help minimize imbal-
ance between groups.

Second, regarding trial registration and allocation procedures, primary outcomes
should be prespecified, and the study protocol and statistical analysis plan should be reg-
istered before participant recruitment. Random sequence generation, participant enroll-
ment, and group allocation should be performed by independent personnel. Allocation
concealment should be ensured through appropriate methods, such as sequentially num-
bered opaque sealed envelopes or centralized allocation systems, and all procedures
should be prospectively documented.

Third, regarding intervention standardization, future studies should carefully con-
trol exercise volume across groups to isolate the specific additive effects of the interven-
tion being investigated. Predefined criteria for progression, reassessment schedules for
exercise intensity, and standardized reporting of exercise prescription variables, including
rest intervals and movement velocity, should be incorporated into the protocol to improve
intervention reproducibility.

Fourth, regarding measurement procedures, multiple maximal contractions at each
testing angle should be considered to improve measurement reliability by allowing calcu-
lation of mean values. Alternatively, a separate familiarization session should be included
before baseline testing. In addition, training and assessment equipment should be sepa-
rated whenever possible to minimize potential learning effects.

Fifth, regarding outcome assessment, future studies should incorporate biopsycho-
social measures, including fear of movement, depressive symptoms, and balance ability,
alongside muscle strength and pain outcomes to better understand mechanisms underly-
ing functional improvement. Intervention acceptability should also be assessed using val-
idated structured questionnaires, and prospective adverse event monitoring procedures
should be incorporated to improve safety evaluation.

Sixth, regarding potential confounding factors, particularly when pain intensity is
selected as a primary outcome, analgesic use and concomitant treatments should be sys-
tematically monitored throughout the intervention period. These variables should be con-
sidered as potential covariates or evaluated as secondary outcomes reflecting changes in
treatment requirements.

4.2. Limitations

This study has some limitations that should be considered when interpreting its find-
ings. First, regarding study design and prior planning, the protocol and statistical analysis
plan were not prospectively registered before participant recruitment. Clinical trial regis-
tration was conducted retrospectively on 7 June 2026, approximately 20 months after com-
pletion of data collection. Prospective registration helps reduce the potential for selective
reporting by requiring pre-specification of outcomes and analytical approaches before re-
sults become available. In this study, the primary outcome was not designated a priori,
post hoc pairwise comparisons were not pre-specified, and feasibility progression criteria
were established retrospectively. Furthermore, the procedure for generating the random-
ization sequence, the personnel responsible for participant allocation, and whether allo-
cation concealment was implemented were not documented at the time of the study and
cannot be verified retrospectively. Therefore, the possibility of selection bias due to inad-
equate or undocumented allocation procedures cannot be excluded.

Second, regarding sampling and generalizability, this pilot study included a small
sample of 30 participants (10 per group). Based on variability estimates obtained from the
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present data, a substantially larger sample size (approximately 53 participants per group)
would likely be required to detect moderate between-group differences in a future defin-
itive trial. In addition, participants were restricted to men aged 30-39 years with relatively
mild low back pain (pain intensity < 5) recruited from a single exercise facility in one ge-
ographic region. Therefore, the findings may not be generalizable to women, other age
groups, individuals with greater symptom severity, or clinical populations with different
characteristics. Moreover, because specific spinal pathologies were not systematically ex-
cluded through imaging examinations or medical diagnoses, the participants should not
be interpreted as representing a strictly defined population of non-specific chronic low
back pain.

Third, regarding intervention and measurement procedures, although all groups
performed the same core stabilization program, total exercise duration and volume dif-
fered between groups because MEPG and DEPG additionally performed the main exer-
cises (approximately 45 min per session) whereas CEPG performed only the common pro-
gram (approximately 35 min per session). Therefore, the independent effects of the addi-
tional exercises cannot be completely separated from the influence of increased exercise
exposure. Furthermore, because the CEPG served as an active comparison group rather
than a non-exercise control group, improvements observed across all groups may have
been partly attributable to the common core stabilization program, limiting the ability to
determine the unique effects of each additional intervention. Exercise intensity was ad-
justed according to the supervisor’s clinical judgment without predefined progression cri-
teria, and systematic reassessment of training loads was not conducted during the 8-week
intervention period. In addition, rest intervals between sets and movement velocities were
not specified in advance or recorded, limiting intervention reproducibility. Regarding
outcome assessment, maximal isometric contractions were performed only once at each
angle, preventing estimation of within-participant measurement variability. A separate
familiarization session was also not conducted before baseline assessment. Furthermore,
because the MedX equipment was used for both training and outcome assessment, poten-
tial learning effects cannot be excluded. Intervention acceptability was not evaluated us-
ing a validated structured questionnaire, and prospective procedures for adverse event
monitoring and documentation were not established. In addition, analgesic use and con-
comitant treatments during the intervention period were not systematically recorded or
controlled, which represents an important potential confounder given that pain intensity
was a self-reported outcome. The possibility of floor effects should also be considered be-
cause post-intervention pain scores in the CEPG were clustered near the lower end of the
scale. Finally, mechanisms underlying changes in functional impairment could not be
fully explored because relevant biopsychosocial factors, including kinesiophobia, depres-
sive symptoms, and balance ability, were not assessed.

Fourth, regarding statistical considerations and interpretation, the initial sample size
calculation assumed a large effect size (f = 0.50) without prior empirical justification, which
may have resulted in an underestimation of the required sample size. Furthermore, re-
peated-measures ANOVA was conducted separately for nine exploratory outcomes, in-
creasing the potential risk of Type I error inflation. Although multiple comparison adjust-
ments were not applied in the primary analyses due to the exploratory nature of the pilot
study, the findings should be interpreted primarily through effect estimates and confi-
dence intervals rather than statistical significance alone. For ADLs, baseline differences
were observed between groups, and the possibility of chance imbalance or selection bias
related to undocumented allocation procedures cannot be excluded. Because the group
with greater baseline impairment demonstrated larger reductions, regression to the mean
may also have contributed to the observed pattern. In addition, the assumption of
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homogeneity of variance was violated for some outcome variables, which may have in-
fluenced the robustness of certain statistical comparisons.

Fifth, regarding uncontrolled factors, participants’ habitual exercise participation
and previous physical activity levels were not assessed or controlled before the interven-
tion. Differences in prior exercise exposure may have influenced adaptation to the exercise
programs and should be considered in future studies.

5. Conclusions

In this pilot study, all three 8-week exercise programs for men in their 30s with
chronic low back pain demonstrated high feasibility, with complete retention and attend-
ance compliance and no reported intervention-related adverse events. These findings sup-
port the feasibility of proceeding to a future fully powered randomized controlled trial.
Regarding the secondary exploratory outcomes, lumbar extensor strength, activities of
daily living, and pain intensity improved significantly over time in all three groups. How-
ever, this study did not provide evidence that adding MedX lumbar extension exercises
or deadlift exercises to a common core stabilization program resulted in additional bene-
fits. No significant between-group differences were observed in lumbar extensor strength
across any tested angles, and the apparent between-group differences in activities of daily
living were not maintained after adjustment for baseline imbalance. In contrast, the great-
est reduction in pain intensity was observed in the group performing core stabilization
exercises alone. Therefore, these findings should not be interpreted as providing clinical
recommendations regarding the superiority of any specific exercise approach. Rather, the
preliminary effect estimates and variability parameters obtained from this pilot study
should be used to inform the design of future adequately powered randomized controlled
trials incorporating prospective registration, appropriate allocation procedures, and strat-
ified randomization.
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Appendix A

Table Al. Sensitivity analysis for multiple testing across the nine outcome variables.

(a) Group Effect

Outcome Unadjusted Bonferroni Holm Benjamini-Hochberg
0° 0.181 1.000 1.000 0.232
12° 0.162 1.000 1.000 0.232
24° 0.174 1.000 1.000 0.232
36° 0.163 1.000 1.000 0.232
48° 0.206 1.000 1.000 0.232
60° 0.176 1.000 1.000 0.232
72° 0.244 1.000 1.000 0.244
ODI 0.036 0.321 0.285 0.160
Pain intensity 0.002 0.017 0.017 0.017
(b) Time x Group Interaction
Outcome Unadjusted Bonferroni Holm Benjamini-Hochberg
0° 0.048 0.435 0.338 0.143
12° 0.295 1.000 0.962 0.379
24° 0.598 1.000 0.962 0.598
36° 0.434 1.000 0.962 0.488
48° 0.240 1.000 0.962 0.361
60° 0.168 1.000 0.842 0.303
72° 0.064 0.572 0.381 0.143
Oswestry Disability Index 0.002 0.020 0.020 0.020
Pain intensity 0.008 0.069 0.062 0.035

Values are p values. Corrections were applied within each family of nine outcomes. The main effect

of time is not shown because it remained significant at p < 0.001 for all nine outcomes under every

correction method. Bolded values indicate effects that remained significant after Bonferroni and

Holm correction.

Table A2. Post hoc comparisons for outcomes with a significant time x group interaction.

(a) Within-Group Change (Pre- vs. Post-Intervention)

Outcome Group Mean Change (95% CI) p? Cohen’s dz
MEPG 84.60 (48.40 to 120.80) 0.002 1.67
0° DEPG 39.30 (18.70 to 59.90) 0.006 1.36
CEPG 55.30 (29.80 to 80.80) 0.003 1.55
o MEPG -16.80 (-20.51 to —13.09) <0.001 -3.24
Oswie:;rliziabﬂ' DEPG —9.40 (-11.43 to -7.37) <0.001 -3.31
CEPG -16.80 (-21.08 to —12.52) <0.001 -2.81
MEPG -1.80 (-2.44 to -1.16) <0.001 -2.01
Pain DEPG -1.90 (-2.60 to -1.20) <0.001 -1.93
CEPG -3.20 (-3.98 to —2.42) <0.001 -2.93

(b) Between-Group Comparisons
Outcome Comparison Change Score: Difference (p) ® Post-Intervention: Difference (p) ®
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OO

MEPG vs. DEPG

4530 (0.073)

45.90 (0.183)

MEPG vs. CEPG

29.30 (0.455)

48.70 (0.121)

DEPG vs. CEPG

~16.00 (0.852)

2.80 (1.000)

Oswestry Disabil-

ity Index

MEPG vs. DEPG

~7.40 (0.276) <

0.80 (1.000)

MEPG vs. CEPG

0.00 (0.575) <

1.20 (0.477)

DEPG vs. CEPG

7.40 (0.414) <

0.40 (1.000)

Pain

MEPG vs. DEPG

0.10 (1.000)

0.20 (1.000)

MEPG vs. CEPG

1.40 (0.022)

1.50 (<0.001)

DEPG vs. CEPG

1.30 (0.042)

1.30 (0.004)

Only outcomes with a significant time x group interaction are shown (0° lumbar extensor strength,
Oswestry Disability Index, and pain intensity). 2 Paired f-test, Bonferroni-adjusted for three groups.
b Bonferroni-adjusted for three pairwise comparisons. ¢ p values from pairwise comparisons of AN-
COVA-adjusted means, because baseline ODI scores differed significantly among groups. Bolded
values indicate statistically significant comparisons. Units: ft-Ibs for extensor strength, points for
OD], 0-10 scale for pain intensity. MEPG: MedX Exercise Program Group; DEPG: Deadlift Exercise
Program Group; CEPG: Core Exercise Program Group; CI: confidence interval; ODI: Oswestry Dis-
ability Index; NRS: numeric rating scale.
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