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Abstract

Objective This study aimed to investigate the impact of combined core and pelvic floor muscle (PFM) training
on lumbar function in sedentary women with lower back pain (LBP).

Methods This randomized controlled study included 60 female patients divided into three groups: a control group
(n=20), a core training group (n=20), and a combined PFM and core training group (n=20). The participants under-
went three weekly interventions over four weeks. Trunk muscle endurance, deep lumbar stabilizing muscle activity,
and LBP severity were assessed before and after the intervention.

Results Following the 4-week intervention: 1. In the combined PFM and core training group, significant improve-
ments in muscle endurance (p <0.01) were observed, particularly in the flexor, extensor, and right abdominal muscles
compared to the control group (p <0.05). 2. In the core training group, significant increases in muscle endurance
were seen in various directions (p < 0.05), with highly significant improvements in flexion and right flexion directions
(p<0.01). The flexor muscles exhibited greater endurance than the control group (p <0.05). 3. In the control group,
dorsal muscle endurance significantly decreased after four weeks (p <0.01). 4. Pain scores after 2 h of sitting signifi-
cantly decreased (p<0.01), along with reduced LBP differences (p <0.05). There was a decrease in pain scores (p <0.05)
and a significant reduction in LBP after 2 h of sitting (p <0.01).

Conclusion Core training, either independently or combined with PFM training, can enhance trunk muscle endur-
ance and alleviate LBP in sedentary women with LBP. Core training alone appeared to have a more pronounced effect.
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Introduction

Nonspecific low back pain (LBP)

Nonspecific LBP is characterized by pain and discomfort
of uncertain origin, localized below the ribcage, above the
lower buttock creases, and between the midaxillary lines
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sedentary lifestyles can lead to structural changes in the
spine [2], resulting in a degenerative process. People who
engage in sedentary activities and experience LBP tend to
have elevated levels of pro-inflammatory cytokines [3],
which can limit their range of motion and lead to work
absences. Moreover, LBP is more prevalent among work-
ers and significantly affects their job performance and
daily activities, resulting in substantial economic losses
for society [4]. However, not everyone develops LBP
as a result of a sedentary lifestyle, despite its negative
health consequences. In experiments involving sedentary
behavior, 25%—-50% of participants reported experiencing
LBP symptoms, and those whose pain increased by more
than 1 point before and after the sedentary period were
categorized as individuals with sedentary-related LBP

(5].

Core muscle training

The management of LBP in individuals with a sedentary
lifestyle primarily involves less active approaches, such
as modifying workplace setups by adjusting chair and
desk heights or extending break intervals [6]. Further-
more, core muscle control training, recognized globally
as a crucial strategy for treating and managing LBD, is a
preventative and rehabilitative method that can allevi-
ate non-specific LBP resulting from a sedentary lifestyle.
It enhances lumbar function, increases flexibility, and
reduces the likelihood of recurrence.

Pelvic floor muscle (PFM) training

There is ongoing debate regarding the link between pel-
vic floor dysfunction and LBP due to variations in exper-
imental design. Some studies indicate that there are no
significant differences in PFM strength between individu-
als with LBP and those without, and that the effectiveness
of rehabilitation programs with or without PFM training
on LBP is comparable [7, 8]. Nevertheless, the majority
of experts tend to support the association between pel-
vic floor dysfunction and LBP. Additionally, prior studies
on LBP intervention programs typically extended over
a longer duration, typically lasting 6-12 weeks. With-
out exception, the PFM are an integral part of both the
core stabilizing muscle group and the accessory muscles
involved in respiration. Additionally, they share a close
connection with other deep stabilizing muscles. Research
has indicated that training the PFM can enhance the per-
formance of the transversus abdominis (TrA) and can
have a positive impact on alleviating LBP, making PFM
contraction a valuable component of abdominal muscle
training [8]. An increase in the thickness of the lumbar
multifidus (LM) and TrA can mitigate LBP, whereas their
dysfunction can raise the risk of LBP [9, 10].
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During breathing, the diaphragm and PFM should
move in coordination. When inhaling, the diaphragm
contracts, pulling the lumbar spine forward while pre-
venting the chest from rising excessively. The TrA runs
horizontally across the abdomen, connecting to the lum-
bar vertebrae transverse processes through the thora-
columbar fascia [11]. In the lumbar region, the LM is
particularly developed and works primarily to counter
spinal rotation and sliding, maintaining spinal curvature
and ensuring close alignment of the vertebrae. The simul-
taneous contraction of the TrA and LM provides stability
to the spine, sustaining intra-abdominal pressure (IAP)
to indirectly enhance spinal stability.

Strong PFM contractions enhance recruitment and
contraction force of other respiratory muscles, also
allowing for increased breathing speed [12, 13]. Fur-
thermore, the combined activation of the PFM and TrA
can raise IAP, thereby stabilizing the pelvic and lumbar
areas. The PFM helps maintain IAP via a feedforward
activation mechanism that stabilizes the trunk against
disturbances, such as lifting an arm, where trunk muscles
activate preemptively to maintain stability. This feedfor-
ward mechanism is similar to that of the TrA, diaphragm,
and LM [14, 15].

Research shows that PFM training can improve TrA
function and has positive effects on lower back pain,
making PFM contraction beneficial for core muscle acti-
vation training [8]. Conversely, TrA training can enhance
PEM function, suggesting that TrA training could serve
as an indirect form of PFM training [16]. However,
although PFM and TrA influence each other, there is
ongoing debate about the effectiveness of separate ver-
sus combined training of these muscles. Some studies
suggest that isolated PFM training is more effective than
combined TrA and PFM training (e.g., simultaneous PFM
contraction during inhalation) [17], potentially because
TrA contraction increases IAP, which may reduce PFM
activation [18].

Study objective

In this study, we aim to compare core training combined
with PEM training to conventional core training, with
the goal of highlighting the similarities and differences in
how these two programs affect the lumbar function, such
as muscle endurance and muscle thickness change, and
muscle performance of sedentary individuals suffering
from LBP.

Data and methods

Participants

In this randomized controlled study, from January 1,
2021, to July 31, 2022, we enlisted 60 females living a sed-
entary lifestyle, comprising both students and individuals
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from the community, who were associated with the Bei-
jing Rehabilitation Hospital under Capital Medical Uni-
versity. Data collection took place subsequent to their
completion of the informed consent form. Inclusion cri-
teria: (1) Aged 18-40 years; (2) Sitting for more than 6 h
daily in the past 3 months [19]; (3) LBP >3 points meas-
ured by Visual Analog Scale (VAS) under normal circum-
stances, or LBP<3 points under normal circumstance
with the pain change greater than 1 point after sitting
for 2 h [20]; (4) No treatment for LBP, if any, within one
month.

Exclusion criteria

(1) Presence of specific pathological and anatomical
lumbar conditions (e.g., compression fracture, lum-
bar disc herniation); (2) Neurological abnormalities in
the spine (e.g., paresthesia of lower limbs, weakness of
lower limbs); (3) Pelvic floor dysfunction, assessed by the
supine position test of bladder base movement; [21].(4) A
history of spinal surgery; (5) Pregnant or lactating.

Grouping methods

Participants were randomly assigned to three different
groups: the control group (referred to as Group C), the
core training group (referred to as Group T), and the
combined PFM and core training group (referred to as
Group P) using a numerical randomization method (1, 2,
3; 1, 2, 3...). Essential demographic information about the
participants can be found in Table 1. There was no sig-
nificant difference in each item among the three groups
in Table 1.

Evaluation methods

The examination occurred at the Musculoskeletal Reha-
bilitation Center in Beijing Rehabilitation Hospital, which
is associated with Capital Medical University. Ultrasound
was used to assess the thickness of the deep lumbar stabi-
lizing muscle both before the experiment and four weeks
after the training intervention. All ultrasound evaluations
were performed by the same investigator. Additionally,
the assessment of LBP in individuals leading a sedentary
lifestyle was conducted. Women’s physical activity level

Table 1 Basic information of sedentary participants with LBP
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was assessed by the International Physical Activity Ques-
tionnaire-short Form [22]. The participants were blinded
to the intervention. However, since the therapists worked
within the hospital and were familiar with the treatment
plans, blinding was not applied to them.

(1) Muscle endurance tests

« Extensor muscle endurance test: The participant lies
prone on a treatment bed with the hip, knee, and
ankle joints of the lower limbs secured to the bed,
and the anterior superior iliac spine aligned with the
edge of the bed. The upper body extends outward
from the bed with arms crossed, maintaining a posi-
tion parallel to the floor.

« Flexor muscle endurance test: The participant sits on
a treatment bed with arms crossed and hands placed
on opposite shoulders. The trunk is angled at 60°
relative to the ground, with the hip and knee joints
flexed at 90° and feet stabilized.

« Side bridge test: The participant lies on their side on
a mat with the upper foot positioned in front of the
lower foot. The supporting arm is flexed, while the
opposite hand rests on the shoulder. Upon starting,
the participant lifts their hip off the mat.

(2) TrA test

The participants were positioned comfortably, sitting
with their knee and hip joints bent at a 90° angle.
They had their hands either folded over their legs
or resting on the bed, while their upper limbs were
supported and relaxed. Images were captured to
show the thickness of abdominal muscles at the
conclusion of a regular exhale. Following these ini-
tial postures, the participants were instructed to
perform an abdominal draw-in maneuver (ADIM),
after which images were taken to showcase the
thickness of the abdominal muscles during activa-
tion. The level of activation was determined using

Age (y) Height (cm) Weight (kg) Sedentary time (h) Physical
activity level
(h/d)
Group C (n=20) 23.75+£1.83 164.70+2.60 56.39+3.59 10.90+£2.82 265+2.21
Group T (n=20) 26.15+£539 166.40+2.44 5525+3.85 10.55+£2.70 2634223
Group P (n=20) 24.55+3.36 165.90+4.29 57.60+4.31 11.15+£2.30 1.87+1.16

No significant difference was observed in each characteristic among groups
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the formula [(thickness during activation — thick-
ness during relaxation] / thickness during relaxa-
tion] * 100% [23].
(3) LM test
The participants were positioned comfortably in a
seated posture, with both the knee and hip joints
bent at a 90-degree angle. They placed their hands
either on their laps or the bed, while their upper
limbs were adequately supported and relaxed. The
participants maintained their hands on either side
of their legs to offer support and relaxation to their
upper limbs. Images were captured during the
exhalation phase to depict the muscle thickness at
rest. For the opposite arm, a 1-pound dumbbell was
held, and it was straightened until the shoulder joint
reached a 90-degree flexion. Subsequently, images
were taken to illustrate the muscle thickness during
activation. The degree of activation was determined
using the following formula: [(thickness during acti-
vation—thickness at rest) / thickness at rest] * 100%
[24].
(4) Degree of PFM activation
To achieve sharp images, the participants were made
to drink 600-750 ml of water 30 min before the
test and finish drinking it 1 h prior to the exami-
nation. During this period, participants were not
allowed to urinate to maintain a full bladder for
optimal results. Participants were positioned on
their backs with their feet resting on the bed, their
hip and knee joints bent at a 60-degree angle, and
their lower back in a neutral position. An ultra-
sound probe was positioned between the symphysis
pubis and the navel, aligned perpendicularly with
the center line. The probe was adjusted by tilting
and angling it within a range of approximately 15
to 30 degrees, depending on each participant, until
a clear image was achieved. A reference point was
marked at the base of the bladder, and participants
were instructed to contract their PFM by follow-
ing the guidance to "contract and lift the PFM, as if
holding in urine." Another point was marked at the
peak of this contraction, and the distance between
these two points was measured and recorded as
data indicating the activation of the PEM [12].
(5) VAS
The impact of LBP on patients was assessed using
a 10-cm line segment. A scale ranging from 0 to
100 points was employed, with 0 points represent-
ing "absolutely no pain” and 100 points indicating
"excruciating pain” [25]. Pain levels were measured
both before a period of inactivity and 2 h after, and
the alterations in pain were computed.
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Training program

Participants underwent intervention training three times
per week over a four-week period. The training sessions
took place at the Musculoskeletal Rehabilitation Center
in Beijing Rehabilitation Hospital, which is affiliated with
Capital Medical University. All subjects adhered well to
the protocol and successfully completed the total number
of repetitions as required.

(1) Group C did not receive any form of intervention

(2) Group T followed a program based on prior
research [26, 27]. In the core training, each exercise
was performed for two sets of 10 repetitions, with a
20-s rest interval between sets. In the core dynamic
stability training, each exercise was performed for
two sets of 10 repetitions, with a 1-min rest inter-
val between sets. In the core static stability training,
each exercise was performed for two sets with spe-
cific durations: the ventral bridge was held for 30 s,
the side bridge on each side was held for 20 s, the
hip bridge using both legs was held for 1 min, and
the hip bridge on each leg was held for 30 s. After
each exercise, muscles such as the abdominal mus-
cles, dorsal muscles, lateral abdominal muscles,
glutes, and posterior thigh muscles were stretched
for relaxation, with each stretch held for 30 s. The
specific exercises are detailed in Table 2.

(3)Group P underwent the same intervention program
as Group T, with the addition of PFM contraction
training [28]. During the pre-intervention testing,
PFM contractions were assessed. If the patient was
unable to perform the contractions, visual feedback
via ultrasound imaging was used for training. Once
the patient had mastered the movement, subsequent
exercises began. During weeks 1-2, the participants
were instructed to contract their PFM while in a
supine position, with a 6-s contraction followed by
a 6-s relaxation, for a continuous duration of 5 min.
In weeks 3—4, participants were required to contract
their PFM while sitting, with a 10-s contraction fol-
lowed by a 5-s relaxation, also for a continuous dura-
tion of 5 min.

Statistical analysis

All test metrics were subjected to statistical analysis
using SPSS 25.0 software, and data values are repre-
sented as mean + standard deviation (x s). Comparisons
between the three groups were conducted either through
a one-way ANOVA or a rank sum test for multiple
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Table 2 Movements in core training program
Number of weeks Activation training Dynamic stability training Static stability Stretching
Weeks 1-2 1. Activation of erector 1. Crunch: flexion of the hip joint 1.Ventral bridge: knee support Abdominal
spine muscle in a prone  and knee joint in a supine position 2. Side bridge: knee support muscles, dorsal
position with feet on the mat 3. Hip bridge: double-leg support muscles, lateral
2. Activation of TrA 2. Straight leg raised in a supine posi- abdominal
in a supine position tion: flexion of the hip joint and knee muscles, glutes,
3. Abdominal breathing  joint in a supine position and posterior
in a supine position 3. Extension of the hip joint in a four- thigh muscle
4. Hold breath point kneeling position: extension stretching
in a supine position of the hip joint and knee joint
5. Cat and camel pose 4. Dorsiflexion in a prone position:
in a four-point kneeling ~ for5's
position 5. Dynamic side bridge: knee support
Weeks 3-4 1. Activation of erector 1. Crunch: flexion of the hip joint 1. Ventral bridge: foot support Abdominal

spine muscle in a sitting
position

2. Activation of TrA

in a sitting position

3. Abdominal breathing
in a sitting position

4. Hold breath in a sit-
ting position

5. Anterior and posterior
tilt of pelvis in a sitting
position

and knee joint at 90°, with both feet
off the mat

2. Straight leg raised in a supine posi-
tion: straighten both legs in a supine
position

3. Extension of the hip joint in a four-
point kneeling position + raise

the contralateral hand

4. Dorsiflexion in a prone position:

in a prone position for 5 s

5. Dynamic side bridge: foot support

2. Side bridge: foot support

3. Hip bridge: single-leg support

muscles, dorsal
muscles, lateral
abdominal
muscles, glutes,
and posterior
thigh muscle
stretching

6. Left and right tilt
of pelvis in a sitting
position

independent samples, depending on the approximate
normal distribution of the sample data. Meanwhile,
within each group, the mean of metrics before and after
sample intervention was assessed using either the paired
t-test or the rank sum test for paired samples, contingent
on the sample data’s approximate normal distribution.
When p>0.05, it signified no statistically significant dif-
ferences; when p <0.05, it indicated statistical differences,
and when p <0.01, it denoted highly significant statistical
differences.

Results

As indicated in Table 3, there were no significant statis-
tical differences in each of the indices among the three
groups before the intervention (p>0.05).

Following a 4-week intervention, Group P demon-
strated a significant improvement in the endurance of
all muscles (p<0.01). Specifically, the endurance of the
flexor, extensor, and right abdominal muscles in Group
P was notably superior to that in Group C (p<0.05). In
Group T, there was an increase in muscle endurance in
the extension and left flexion directions (p <0.05), and a
significant increase in endurance in the flexion and right
flexion directions (p<0.01). Additionally, the endurance
of the flexor was better than that in Group C (p<0.05).
Conversely, in Group C, the endurance of the extensor
decreased significantly after 4 weeks (p <0.01). (Table 3).

After 4 weeks of intervention, Group C exhibited a
slight reduction in TrA activation and a slight increase in
LM and PFM activation, although these differences were
not statistically significant (p>0.05). In Group T, there
was an increase in TrA and LM activation, and a slight
decrease in PFM activation, yet these differences were
not statistically significant (p >0.05). In Group P, the acti-
vation of all muscles increased, but the differences were
not statistically significant (p >0.05). After a 4-week inter-
vention, Group C did not exhibit any significant altera-
tions in LBP indicators when compared to their baseline
measurements from before the intervention (p>0.05).
However, in Group T and Group P, the pain scores nota-
bly improved after sitting for 2 h compared to their base-
line measurements before the 4-week intervention, and
this difference was statistically significant (p <0.01). Fur-
thermore, the differences in pain scores also showed a
significant improvement (p<0.05). In typical situations,
the pain scores and differences in Group P also displayed
improvement, although the change was not statistically
significant (p > 0.05). (Table 3).

Discussion

Key findings of this study

Both core training alone and when coupled with PFM
training exhibit the potential to enhance lumbar function
in sedentary women experiencing LBP, as well as improve
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Table 3 Assessing alterations in lumbar function among the three groups prior to and following the intervention ("x+s)

Group C (n=20)

Group T (n=20)

Group P (n=20)

Before After intervention Before

intervention

intervention

Before After intervention

intervention

After intervention

Muscle endurance test (s)

Flexion 69.70+18.73 7450+35.92 77.15+21.25 9475+15.14"* 72.10+1575 9595+19.38""

Extension 80.15+14.22 66.90+17.10" 784042221 111.00+5340° 7030+19.05 120.18+38717""

Left flexion 44.50+22.80 4570+19.70 3885+1858 474541732 4480+29.78 5960+2737"

Right flexion 438542283 441542144 394542061 47.80+16.86" 454542972 5935+23.12""
Muscle thickness

TrA (%) 472742024 449343081 4756+22.10 63.81+3593 46.01+21.05 63.19+32.08

LM (%) 6.67+4.98 737+634 599+3.76 7.68+5.89 7.27+436 892+4.82

PFM (mm) 5540+25.18 59.15+29.90 62.10+38.78 61.00+30.29 50.65+25.79 69.65+31.06
Pain score (point)

Initial score 164+079 162+099 2.10+1.05 1724088 2.00+1.10 1704080

Score after sitting ~ 4.96+1.30 482+157 562+1.39 451+137" 5724155 498+1.25"
for2h

Differences 3324088 3.20+1.05 353+1.39 279+145" 373+1.14 3.28+1.06"

in pain scores

TrA transversus abdominis, LM lumbar multifidus, PFM pelvic floor muscle

" p<0.05, there is a significant difference before and after intervention. ** p<0.01, there is a significant difference before and after intervention.+p < 0.05, there is a
significant difference, compared with the control group.+ +p <0.01, there is a significant difference, compared with the control group

trunk muscle endurance and alleviate LBP. Notably,
the combined approach appears to be more effective in
achieving these outcomes.

Lumbar muscle endurance

Reduced muscle endurance is a potential contributor
to chronic LBP. Moreover, insufficient endurance in the
dorsal muscles independently predicts LBP among work-
ers [29]. Engaging in muscle endurance training can offer
several benefits for LBP management: enhancing dorsal
muscle strength provides significant protection for the
lumbar region, helping to prevent or mitigate injuries.
Additionally, improved dorsal muscle endurance reduces
lumbar muscle fatigue during extended periods of work,
thereby reducing the strain on the spinal structure and
the risk of injuries. Furthermore, the assessment of mus-
cle endurance is a key component of evaluating trunk
stability and muscular endurance. Assessments of flexor
endurance in a seated position and extensor endurance in
a prone position are common methods for testing mus-
cle endurance, and they demonstrate good reliability and
validity [30]. Carter et al. [31] conducted a 10-week Swiss
ball core stability training program on sedentary individ-
uals, leading to a significant improvement in their dorsal
muscle endurance. Similarly, Sekendiz et al. [32] observed
substantial enhancements in abdominal and dorsal mus-
cle strength and endurance in sedentary women after
an 8-week Swiss ball core stability training regimen.
These findings align with previous research, despite the

relatively short duration of the intervention. Panjabi [33]
suggested that spinal stability is upheld through three
distinct subsystems: the central nervous subsystem, the
passive subsystem, and the positive subsystem.

In this study, we adopted a progressive training
approach. Initially, activation training aimed to engage
the deep stabilizing muscles and enhance propriocep-
tion within them [34]. Subsequently, dynamic core sta-
bility training was conducted to bolster neuromuscular
control capacity [35]. To facilitate progressive training
and enhance central nervous subsystem functionality,
the difficulty level and unstable elements were gradually
intensified. Next, static core stability training was imple-
mented to enhance the performance of global muscles,
with particular emphasis on the endurance of the dorsal
muscles among the participants [36]. This not only led
to increased muscle endurance but also yielded positive
effects on muscle strength, stability, coordination, and
control capacity, ultimately improving the functioning of
the positive subsystem.

Furthermore, combined PFM and core training results
in more significant improvements in muscle endurance
across various directions compared to core training [37].
Despite the prolonged training time due to the additional
PFM training, it remained shorter than the time devoted
to global training. The PFM activation training primar-
ily centered on low-intensity and targeted contractions,
exerting minimal direct impact on global muscle endur-
ance. Consequently, it is plausible that PFMs, being a
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vital component of the stability system, engage with other
lumbar muscles to mutually reinforce each other. The
contraction of PFMs indirectly influences the contraction
of other localized stabilizing muscles, thereby fortifying
core stability.

Deep lumbar stabilizing muscle thickness

Several studies have investigated alterations in muscle
engagement among patients with LBP. Firstly, patients
with LBP tend to activate more superficial muscles [38].
Additionally, there is a delay in muscle contraction and
relaxation times [39], as well as reduced muscle activa-
tion during functional movements when compared to
individuals without LBP [40]. Furthermore, during the
ADIM, patients with LBP exhibit significantly lower TrA
activation compared to those without LBP [41]. The TrA
activation is also delayed during rapid body movements
in patients with LBP [42]. The changes observed in the
appearance of the deep LM indirectly indicate a decrease
in muscle recruitment [43]. Consequently, in response
to these muscle changes, it is imperative to develop cor-
responding training methods in clinical rehabilitation
to enhance the control and coordination capabilities of
trunk muscles, especially the deep stabilizing muscles
[44]. The 4-week core training program, which included
the activation of deep stabilizing muscles, enhanced pro-
ficiency in activating these muscles through the process
of motor learning, and involved three stages: the cogni-
tive stage, the associative stage, and the automatic stage.
During the cognitive stage, individuals rely heavily on
external information and declarative memory, care-
fully thinking, coordinating, and processing informa-
tion before executing actions. However, as this process
is conscious and relatively slow, it often leads to more
errors and variations in their movements. In the associa-
tive stage, individuals become less reliant on declarative
memory and require less conscious control over each
aspect of their movements. As a result, their motions
become quicker, smoother, and less error-prone. The
duration of the associative stage can vary based on the
complexity of the movements and the learning capacity
of individuals. In the automatic stage, conscious control
is no longer necessary, and skills are governed by proce-
dural memory. This allows learners to divert their atten-
tion to other aspects, thereby improving the accuracy,
speed, and efficiency of their movements [45].

As a part the training plan, we used targeted activa-
tion training to engage the TrA through the ADIM
motion. This approach aimed to enhance TrA func-
tionality while reducing the activation and contraction
of superficial muscles during stability motions [40, 43].
LM muscle plays a crucial role in trunk stability, but it
often experiences dysfunction in patients with LBP. LM
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activation training aimed to reeducate the LM through
specific activation motions and finger strength guid-
ance. This process stimulated the neural control of the
LM and transformed its inactive state.

During this study, the PFM activation slightly
decreased in Group T after intervention. It appears
that core training alone may have a negative impact
on PFM contraction function. One potential explana-
tion is that core training effectively strengthens the dia-
phragm, abdominal muscles, and dorsal muscles, but
it does not adequately address PFM training [18]. As a
result, the PEM, being a weak link, experiences reduced
contraction when intra-abdominal pressure increases.
However, combining core training with PFM training
has a positive impact on PFM activation. This leads
to an improvement or tendency toward improvement
in muscle activation in all directions, ensuring intra-
abdominal pressure and spinal stability.

Furthermore, since the combined PFM and core
training significantly increased PFM activation, and
considering that TrA, LM and PFM are all integral
parts of the deep lumbar stabilizing muscles, they
mutually influence each other. Consequently, increased
PFM activation positively affects other deep stabiliz-
ing muscles. Through intervention targeting these deep
stabilizing muscles, the participants gradually gained
better control over muscle contractions. However, it is
worth noting that previous studies typically involved
interventions lasting 6-12 weeks, and the relatively
short intervention time in this study may explain the
insignificant improvement in certain indicators.

LBP

It is crucial to quantify pain for measurement and
analysis to evaluate the effectiveness and impact of
pain management as well as innovative pain treatment
methods. Improvements in LBP have been regularly
seen in studies focused on training interventions for
people with sedentary lifestyles suffering from both
LBP and nonspecific LBP [46, 47]. This is consistent
with the inference made here. Three subsystems are
said to maintain spinal stability according to Panjabi
[33]. The passive and central nervous systems’ abilities
are effectively improved by the experimental program
presented in this study. This program improves over-
all muscle function when combined with PFM train-
ing and aids in maintaining intra-abdominal pressure
to guarantee spinal stability [48]. As a result, it lessens
the symptoms of LBP, lowers pain-avoidance behaviors
brought on by LBP, and helps patients improve their
lumbar and general physical functions, easing the tran-
sition back to normal life.
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Limitations

To reduce variances, we exclusively selected and
assessed healthy women between the ages of 18 and
40. Exploring how PFM training relates to and affects
middle-aged people, the elderly, and men is essential
as there is still much to be said about this topic. Future
research should explore the long-term impacts of this
intervention because certain metrics in this study sig-
nificantly improved after a 4-week session.

Conclusion

Both core training alone and the combination of core
and PFM training demonstrate significant potential for
improving lumbar function in sedentary women experi-
encing LBP. This combined approach not only enhances
trunk muscle endurance but also alleviates LBP more
effectively than core training alone. Given these find-
ings, incorporating PFM training into rehabilitation
programs may offer additional benefits and should be
considered in future clinical practices and research
efforts. Further studies are needed to validate these
results and explore the mechanisms underlying the
enhanced efficacy of the combined training approach.
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