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Abstract

Few studies have examined how to strengthen the muscles around the pelvis after trauma and none
mention the trunk. This narrative review focuses on rehabilitation after pelvic trauma and discusses it
from the perspective of muscle strengthening. The literature was searched to identify methods for
strengthening muscles around the pelvis (i.e., the trunk to the lower extremities). We also examined
the reference lists of the papers captured by our literature search to identify additional potentially
relevant research. Our review proposes methods for strengthening each muscle around the pelvis. At
present, it is not possible to establish a clear strengthening method for the diaphragm and pelvic floor
muscles. We recommend exercise within the bodyweight range starting immediately after pelvic
fracture surgery. Muscle strengthening exercises should be started after about 12 weeks when the
sutured muscles have fused.
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Introduction

This paper focuses on rehabilitation after pelvic trauma from the perspective of muscle strengthening.
Many muscles are attached to the pelvis and are involved in protecting the pelvic organs and adjusting
the body's center of gravity. The core is defined as an anatomical box consisting of several muscle
groups, including the rectus abdominis (RA) anteriorly, the internal and external obliques laterally, the
erector spinae (ES), lumbar multifidus (LM), and quadratus lumborum posteriorly, the diaphragm
superiorly, and the pelvic floor muscles (PFM) and iliopsoas muscle inferiorly [1,2]. From a practical
perspective, the core muscles are the center of most of the kinetic chains in the body and transfer
forces to the extremities [3]. Almost all the relevant studies have reported electromyographic (EMG)
activity as a percentage of maximum voluntary contraction (% MVC), millivolts (mV), or microvolts
(uV). This review focuses on training methods that can be used to strengthen the muscles around the
pelvis. Furthermore, the muscles around the hip, especially the gluteal muscles, have important
functions in transmitting force from the pelvis to the lower extremities. There are reports on the
effectiveness of hip adduction and abduction exercises in the early postoperative period in patients
with pelvic trauma [4]. However, few reports mention these exercises and none mention the trunk.
Focusing on rehabilitation for pelvic trauma, we introduce a training method that can be implemented
even if there is a load limit on the pelvis. This review also includes several previous studies involving
healthy participants. We hope that it will serve as a reference for everyone involved in the

rehabilitation of patients with trauma involving the pelvis.
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Literature search

A systematic review and meta-analysis were performed using PubMed on March 18, 2023. We
performed a literature search using PubMed on March 18, 2023.The search terms used were
“training”, “method”, and the relevant muscle name. The search period included the previous 10
years. After reading the titles and abstracts, we eliminated studies that were not performed in humans
and those that were unrelated to training methods and obtained the full-text versions of potentially
eligible studies. We also reviewed the reference lists of the retrieved papers to identify further

potentially relevant literature.
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Front

Rectus abdominis

The initial search identified 10 articles on exercises for the RA muscle. After screening titles and
abstracts, 8 articles were excluded. The remaining 2 articles [5,6] were included in the review after
obtaining their full-text versions. The exercise that elicited the highest EMG activity of the RA was

the “static curl-up” with hands behind the neck, the hips flexed at 60°, and knees flexed at 90° (81.0 +
10.9% MVC) followed by the static curl-up with the arms crossed over the chest, the hips flexed at

60°, and knees flexed at 90° (67.6 = 15.7% MVC) [7]. Using BOSU balls during sit-ups and added
resistance on activation of the core muscles, the upper and lower RA activities were increased through
upper body and dual instability by 21%—24% in comparison with that for a stable surface [8]. Based
on the % MVC values for the RA muscle during exercises, V-sits (in a supine position on the floor
with the arms extended over the head and the legs extended, participants lift the legs up to a 45° angle
and extend the arms up toward the ankle) had an MVC of 80% and achieved markedly greater RA
contraction when compared with the curl-up [9].

Another method known to strengthen the RA is the “front plank™ (performed in the prone position
with posterior pelvic tilt and body weight supported by the forearms and feet; the feet are a shoulder
width apart and the spine is maintained in a neutral position). This method has been reported to
increase the % MVC to 77.48%, especially with scapular adduction and posterior pelvic tilt [10].
Other studies have identified the following core exercises on a ball/device as achieving the highest
EMG related to % MVC in the RA: the “suspended roll-out plank” (performed in an inclined
standing position with each hand placed on the strap handles, elbows and wrists placed below the
shoulders, arms perpendicular to the floor, and shoulders flexed to approximately 45°; the shoulders
are then flexed and the hands are moved forward) [11,12] and the “suspended front plank’ (holding
the front plank position with the forearms on a suspended device) [12]. Core exercises on a
ball/device, such as curl-ups on BOSE balls, the roll-out plank, and the suspended front plank, are also
recommended for high activation of the RA. Suspension training systems introduce instability into the
exercise, which then can lead to increased EMG activity. However, EMG activity may vary

depending on the type of suspension training system used [6].
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Transversus abdominis

The initial search identified 141 articles on exercises for the transversus abdominis (TA)

Muscle. After screening of titles and abstracts, 130 articles were excluded. A further 9 articles were
excluded after obtaining the full-text versions. The remaining 2 articles [6,13] were included in the
review. One of the studies examined activation of the TA during the “bird dog” exercise, in which the
contralateral upper limb and ipsilateral lower limb are raised and found that this exercise elicited
greater EMG activity in the TA (2.63 £+ 3.11 mV) than in the internal oblique or multifidus muscles
[14]. In the other study, Li et al. found that the elbow-toe with the left arm and right leg lift exercise
produced the highest EMG activity in the left TA (50.6 = 28.4% MVC) [15]. They reported that the
sling exercise, which can be performed in the prone, supine, or side-lying positions, activated the local
trunk muscles [15]. Despite the higher % MVC activity (58.64 +6.99%) in the TA during the side-
lying position, the authors recommended prone and supine sling exercises for stabilizing the lumbar

region, given its high local/global muscle ratio [16].
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Lateral

The initial search identified 3 potentially relevant articles, none of which were excluded upon
screening of the titles and abstracts. One of these articles was excluded after obtaining the full-text
versions, leaving 2 articles for inclusion in the review [5,6]. A search for papers on the internal and

external obliques yielded the same results.

Internal obliques

The front plank exercise with scapular adduction and posterior pelvic tilt gave the highest % MVC for
the internal obliques (IO; 119.92 + 60.26% MVC) [10]. Cortell-Tormo et al. considered there to be a
synergistic relationship between scapular adduction and posterior pelvic tilt which would increase the
activity of the core muscles, given that scapular adduction increases the intensity of the exercise,
leading to difficulty in maintaining the position [10]. In free-weight exercises, the highest EMG values
for the IO were recorded during the exercise using the kettlebell swing with Kime (abdominal pulse at
the top of the swing; 80.8 +43.7% MVC) [17]. Patterson et al. found that bilateral and unilateral
bench press exercises increased the activity of the IO when performed unilaterally (0.05 mV) and by
about 2.5-fold when performed bilaterally [18].

External obliques

The curl-up with the hip flexed at 90° results in the highest activation within the traditional core group
(with maximal expiration, 70.74 + 20.57% MVC; with slow expiration, 65.18 +24.83% MVC; with
maximal inspiration, 63.95 +20.32% MVC) [19]. The external obliques (EO) showed EMG activity
0f 0.416+0.174 mV for 10 repetition maximum loading comparisons in the unstable upper body
position during sit-ups performed on BOSU balls [8]. The front plank exercise with scapular
adduction and posterior pelvic tilt elicited the highest EMG activity (110.78 + 65.76% MVC) [10].
Furthermore, the front plank exercise with 20% of body weight added achieved 0.2 mV in the EO
[20]. The standing unilateral dumbbell press achieved 0.4 mV in the EO, and the seated unilateral
dumbbell press achieved about 0.3 mV, although contractions of EO were significantly stronger when
the dumbbell press was performed unilaterally rather than bilaterally in both the standing and seated

positions [21].
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Back

Erector spinae

The initial search identified 11 articles, 8 of which were excluded after screening the titles and
abstracts. After reviewing the full-text versions, all 3 remaining articles were included [5,6,22].
Activation of ES was greater during back extension exercises (~63% MVC) than in the other
exercises when performed on the floor (~63% MVC) and on the bench (~56% MVC) [8]. ES showed
greater contraction in the squat than in the prone bridge with 20% of body weight added (0.1 mV vs
0.35 mV), and the activity of ES during squat movement increased with each repetition (fourth over
first and sixth over fourth) [20]. Activation was higher for core exercises on the suspended bridge than
for those on the floor (61.51 + 13.85% MVC vs 45.50 +9.47% MVC) [23]. Silva et al. reported that
the EMG activity in the ES muscle was 0.99 £+ 0.06 mV after using the shaper device for 5 min [24].
Among free-weight exercises, the greatest activation was found for the deadlift exercise (barbell,
~90% MVC; hex bar, ~80% MVC) and hip-thrust exercise (~85% MVC). The % MVC was
particularly high in the upward phase of the hip thrust [25]. The barbell deadlift with 4 elastic bands
produced the greatest ES activation and a 2-repetition maximum deadlift achieved the highest mV
value (0.357 mV) [26].

Lumbar multifidus

The initial search identified 5 articles. After screening the titles and abstracts, 2 articles were excluded.
After reviewing the full-text versions, 1 of the remaining 3 articles was excluded and the other 2 were
included in the review [6,13]. The activity of the LM improved from about 40% MVC for bridge on
the floor to nearly 45% MVC for bridge on the ball [27]. Unilateral LM activity was 0.85 + 0.48 mV
when the contralateral upper limb was raised from the 4-point kneeling position and 0.86 + 1.01 mV
when the bird dog exercise was performed [13]. LM activity during an inverted row with pronated
grip using a portable suspension device, and weight resistance was 46.3 +25.3% MVC for 1-leg
weight-bearing and 46.9 + 21.5% MVC for 2-leg weight-bearing [28]. LM activity during push-ups
was 3.97 +0.43% MVC when performed on the floor and 7.35 4+ 0.66% MVC when using the

suspension device [29].
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Upper edge

Diaphragm

We searched the literature for training methods and the effects of strengthening on the diaphragm and
respiratory muscles, which constitute the upper edge of the core muscles. The diaphragm is difficult to
examine electromyographically because of its location deep within the body. The initial search
identified 354 potentially relevant articles. After screening of the titles and abstracts, 341 articles were
excluded. Nine of the remaining 13 articles were excluded after review of the full-text versions,
leaving4 articles for inclusion in the review [30-33].

A training device based on pressure thresholds was used in most of the studies. The initial effort
intensity was very similar in all studies at 40%—60% of maximum inspiratory pressure [30]. The
number of training sessions ranged from 2 to 7 per week and were of 15-30 min in duration [32]. The
shortest and longest durations of inspiratory muscle training were 5 weeks and 8 weeks, respectively
[33]. Seven studies that included a total of 212 participants provided mean change scores that could be
pooled, and meta-analysis showed a positive effect of inspiratory muscle training on maximal
inspiratory pressure [33]. The average increase in maximal inspiratory pressure was higher in the
intervention group than in the control group (26.3 4.9 cm H>O vs 3.7+ 4.1 cm HO). However, the
meta-analysis revealed moderate heterogeneity [33].

Traditional thoracic load carriage exercise, which imposes an additional mass load on the thoracic
cavity, hinders exercise performance and capacity. The reason for this is that the cardiovascular and
pulmonary effects of thoracic load carriage are different from the effects of other modes of exercise
and impose stress on the cardiopulmonary system during exercise that is greater than that during
intensity-matched unloaded exercise [34]. Almost all studies used threshold training applied to
inspiration and expiration. The threshold devices used included the POWERDbreathe (HaB
International Ltd., Warwickshire, UK), PowerLung (PowerLung, Inc., Burlington, ON, Canada), and
the Respiratory Threshold Model 2 trainer (Philips Respironics, Murrysville, PA, USA) [35]. Faghy
et al. compared a flow-resistive face mask worn for 6 weeks during high-intensity interval training
versus pressure threshold loading inspiratory muscle training, and found that time trial performance
improved in all groups [36]. However, post-intervention, maximal inspiratory pressure and diaphragm
thickness were improved only by inspiratory muscle training (by 32% and 9.5%, respectively). In

another study in which abdominal draw-in lumbar stabilization exercise with respiratory resistance
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was performed for 50 min, 3 times a week, by women aged 4049 years with low back pain,
diaphragmatic thickness during inspiration was significantly higher after 4 weeks in the intervention
group than in the control group (0.22 £ 0.03 mm vs 0.08 & 0.02 mm), as was the contraction rate as
calculated by dividing the thickness of the contracted diaphragm by that of the relaxed diaphragm
(0.88 £0.13 mm vs 0.31 + 0.09 mm) [37]. Adding acupuncture to the standard therapy plan used in
that study improved diaphragm muscle strength and ameliorated respiratory muscle fatigue in patients
with chronic obstructive pulmonary disease and improved the efficiency of rehabilitation [38].

Recent evidence suggests that diaphragm-sparing motor recruitment patterns are altered following
respiratory muscle training, which may contribute to improved ventilatory efficiency [39]. The effect
of training on the diaphragm has attracted attention not only in terms of muscle strength but also with
regard to neurological development (recruitment). Raux et al. found that sustained inspiratory loading
may support motor reorganization such that phrenic motoneuron recruitment is reduced [40]. Cerebral
blood oxygenation-dependent signals were analyzed in 11 healthy volunteers during 5 min of random
single breath inspiratory threshold loading (ITL) and 5 min of continuous ITL using MRI to measure
changes in cerebral activation induced by ITL. Continuous ITL was found to induce signal changes in
many areas, including the premotor cortices, both insula, the cerebellum, and the reticular formation
of the lateral mesencephalon [41]. This “diaphragm sparing” may be part of an adaptive strategy to
optimize recruitment of the respiratory muscles during sustained inspiratory loading, thereby
improving the efficiency of the respiratory muscles during inspiration [41].

In contrast, Ramsook et al. found no change in the respiratory muscle activity measured by EMG
following 5 weeks of pressure threshold inspiratory muscle training in comparison with the pre-
training level or a sham-control group [42]. Inspiratory EMG activity was not changed by respiratory
muscle training in the study by Ramsook et al. [42], but breathing training was noted to reduce
dyspnea [41]. Walterspacher et al. evaluated the relationship of inspiratory pressure threshold loading,
inspiratory flow resistive loading, and voluntary isocapnic hyperpnea with EMG activation in the
sternocleidomastoid muscle, parasternal muscle, and diaphragm in randomized order and found that
although all methods mainly stimulated the accessory respiratory muscles, mainly activation of the
diaphragm occurred in inspiratory pressure threshold loading [43]. However, it was noted that the

most important factors influencing respiratory muscle activation were maintenance of a specific target
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mouth pressure (or volume for voluntary hyperpnea) during training and the instructions provided on
how to perform respiratory muscle training [43].

Overall, these findings support the recommendation to match respiratory muscle training as closely as
possible to the ventilatory demands of patients on a case-by-case basis [35]. An important
consideration is whether muscle recruitment patterns are affected by the way in which individuals are
instructed to perform respiratory muscle training, given that when subjects are not given any specific
instructions on muscle recruitment during inspiratory muscle training, the diaphragm,
sternocleidomastoid, and scalene muscles are all activated to a similar degree [44]. However, when
participants are specifically instructed to engage the diaphragm, the EMG activity and production of
pressure in the diaphragm increase significantly, suggesting that the way in which participants
perform inspiratory maneuvers during inspiratory muscle training can meaningfully affect motor

recruitment patterns [44].
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Bottom

Pelvic floor muscles

The literature search initially identified 162 potentially relevant articles, 96 of which were excluded
after screening of the titles and abstracts. Most of the articles were research reports on urinary
incontinence in the antenatal or postnatal setting and did not focus on the strength of the PFM. After
obtaining the full-text versions of the 66 remaining articles, 27 further articles were excluded, leaving
39 articles for inclusion in the review.

PFM training was devised by Kegel in 1948 for patients with urinary incontinence postpartum and is
recommended as the first-line treatment for pelvic floor dysfunction [45,46]. The PFM muscles
contract to hold back urine, and this contraction is confirmed by transvaginal palpation or ultrasonic
tomography. In men, biofeedback from an anal probe is used most frequently to confirm that
contraction is performed correctly, followed by digital rectal examination and combined methods
(e.g., digital rectal examination plus visualization of the base of the penis) [47]. There is no consensus
on a specific training instruction (e.g., “patients were taught to contract the pelvic floor” vs “patients
were instructed to contract the anal muscles around the examiner’s finger’) [47]. There is also no
consensus on the amount of exercise required to improve the functioning of the PFM. A review of
PFM training protocols revealed a range of recommendations for PFM contractions that range from 5
to 200 per day [48]. Considering that there is a difference in understanding on the part of patients and
how difficult it is to perform correct contractions, not only the number of times but also the frequency,
contraction time, and duration are different in each study and are not standardized [48].

PFM training exercises are performed in a variety of positions, including lying on the back with legs
bent and the pelvis lifted, lying on the back with bent legs, sitting on a gym ball, standing, walking,
and using the stairs [49]. Activation of the PFM should consist of short dynamic contractions, with 2—
3 sets and a 1-minute break in between and a gradual increase in the number of repetitions [49]. We
recommend that patients stop their flow twice during urination. Contraction of the PFM is ensured by
asking the patient to make the pelvic floor “concave”. The exercises are performed twice daily for
approximately 30 minutes [49]. In another study, PFM training increased the strength of the PFM
measured by digital palpation and the Muscle Strength Oxford Scale and increased the PFM pressure
measured using a perineometer [50]. In that study, EMG activity in the PFM increased significantly

from a slump-supported posture (sitting with decreased lumbar lordosis) to an upright-unsupported
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posture in both groups. The activity of the PFM increased further in unsupported sitting with straight
back in comparison with slump-supported sitting [51]. PFM training can also be performed in the
standing position with the ankles in a neutral position or dorsiflexion to facilitate greater maximal
contraction of the PFM [52]. In a study that focused on stress urinary incontinence, PFM training
combined with EMG biofeedback achieved better outcomes than PFM training alone [53].

Although there is an impression that Pilates is effective, there is currently insufficient evidence of it
alone being effective. It has also been reported that Pilates, the Paula method, and hypopressive
exercise performed alone do not increase PFM strength [54,55]. Our systematic review found that the
evidence for incorporating breathing exercise in addition to or instead of PFM training in clinical
practice is scant or non - existent and that breathing exercises alone do not strengthen the PFM [56].
Use of virtual reality has become popular in rehabilitation and is now starting to be used in the field of
PFM training. However, the effects of training using virtual reality methods have been found to be
inferior to those of traditional PFM training, which remains the standard of care for urinary
incontinence [57,58]. Vibratory stimulation has been suggested to improve muscle function and can
be applied directly to a specific muscle or indirectly to other muscle groups [59]. Perineal vibratory
stimulation appears to provide good results in the treatment of female stress urinary incontinence, but
the heterogeneity and small number of studies performed to date preclude conclusions about its
efficacy [60]. Training alone is not easy, so increasing opportunities for engagement in PFM training
is the most important factor in optimizing positive behavioral changes [61]. Moreover, it has been
reported that when PFM training is performed under supervision of a physiotherapist, there is no
significant difference between group and individual approaches [62].

The use of mobile apps has increased with the aim to improve adherence with PFM training. Multiple
mHealth apps are available online and provide PFM training programs, but vary in quality, are mostly
not linked to either credible sources or scientific evidence, and only 1 has been evaluated in a
randomized clinical trial [63,64]. Future app development should focus on improving overall quality
and inclusion of evidence-based content; furthermore, including features that can increase adherence

with treatment would be valuable [64].
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Iliopsoas

We first searched the database for the iliac muscle, which is attached to the pelvis. The initial search
identified 16 potentially relevant articles, all of which were excluded after screening their titles and
abstracts. We also searched for papers on the psoas major and iliopsoas muscles but did not find any
that included EMG testing data. Our failure to find any relevant research could probably be explained
by the difficulty of assessing muscle activity associated with hip flexion and the inability to apply
electrodes to deep muscles. Therefore, we conducted an additional search for the effects of training on
hip flexor strength and found 1 report [65]. In that study, 33 healthy participants were divided into a
training group (in which the dominant leg was exposed to 3 sets of the contents shown in a photo each
week for 6 weeks) and a control group. The results showed that hip flexor strength was significantly
enhanced in the dominant leg in the training group in comparison with the control group. No

significant change was observed in the non-dominant leg in either the training group or the control

group.
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Around the hip joint

Gluteus maximus

The initial literature search identified 20 articles, 11 of which were excluded after screening of the
titles and abstracts. Five of the 9 remaining articles were excluded after review of the full-text
versions, leaving 4 articles [66—69] for inclusion in the review.

In another study, step-up exercises were found to be useful for increasing activity in the gluteus
maximus muscle [70]. In that study, muscle activity was observed to be 97.47 + 84.58% MVC in the
eccentric phase and 240.98 + 201.56% MVC in the concentric phase. Furthermore, muscle activity
ranging from 75.54 + 46.66% MVC to 152.96 = 133.3% MVC was observed in multiple evaluations
of the associated step-up exercise. Muscle activity exceeded 60% MVC in multiple evaluations of the
deadlift, with a mean 88% MVC observed for the hex bar deadlift and a mean 95% MVC for the
barbell deadlift [25].

Hip thrusts also had multiple evaluations, including the rotation barbell hip thrust [71], the traditional
barbell hip thrust [25,72—74], the American barbell hip thrust [73], the pull barbell hip thrust [71], the
band hip thrust [73], and the feet-away barbell hip thrust [71], with the average muscle activity being
75.41 £18.49% MVC [69]. Squat also exceeded 60% MVC in multiple evaluations, with 71.34 +
29.42% MVC muscle activity observed for the belt squat [75], 70 + 15% MVC for the split squat
[72], and 65.6 £15.1% MVC for the modified single-leg squat [76]. Lunges also exceeded 60% MVC
in multiple evaluations, with 66 + 13% MVC observed for traditional lunge exercise and 67 + 11%
MVC for inline lunge exercise [77].

Gluteus medius/minimus

The highest activity level (>40% MVC) in the anterior, medial, and posterior segments of gluteus
medius was achieved by the hip hitch/pelvic drop exercise [78-82]. The highest activity level (>40%
MVC) for both the anterior and posterior segments of gluteus minimus was observed during the hip

hitch/pelvic drop exercise and isometric standing hip abduction [78].
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Rehabilitation for pelvic fractures
Rehabilitation or training programs need to be tailored according to whether they are intended for
patients or athletes. Important considerations are the timing after injury and the intensity and posture

when performing exercise.

Early post-acute orthopedic injury or surgery

It is important to be aware of dehiscence of the muscle repaired owing to overload in strength training
after pelvic fracture surgery. Generally, tendon healing occurs in 3 phases: an inflammatory phase (1
week after injury), a fibroblastic phase (3 weeks after injury), and a remodeling phase (8 weeks after
injury) [83].

An animal experiment showed that healing of repaired tendons and bone starts with formation of a
fibrovascular interface tissue between the tendon and bone [84]. Six weeks after surgery, the
fibrovascular interface tissue has already invaded the tendons and bone. It has been reported that
continuity of collagen fibers is re-established between the tendon and bone at 12 weeks after surgery.
In a study of total hip arthroplasty with external rotator muscle repair, 75% of the repaired tendons
separated within 3 months [85] and 43%—53% separated within 3 months [86]. Furthermore, in
rehabilitation after rotator cuff repair surgery, it is recommended to start active range of motion
exercises at 6—12 weeks after surgery and strength training after 12 weeks [87].

Therefore, after pelvic fracture surgery, the therapist or trainer should communicate with the
orthopedic surgeon to understand the affected muscles and how to treat them. Furthermore, a
rehabilitation plan that includes aggressive strength training of the repaired muscle should be started at
12 weeks after surgery. The exercises should be started with body weight on the bed, taking care to

limit the weight on the pelvis and lower limbs as shown in Figures 1-7.
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Patients after orthopedic surgery and healthy older adults

If 12 weeks have passed since the injury and muscle union has been confirmed, the intensity of
exercise can be increased stepwise. Even healthy elderly people without obvious disease or
osteoarthritis may be trained under a certain amount of load. If the intensity is insufficient, we
recommend exercising with equipment such as a balance ball, slings, kettlebells, or barbells as

suggested (Figures 8—13).



339
340
341
342
343
344
345
346
347

Conclusion

This review has introduced a training method for the muscles around the pelvis. Abdominal and back
and gluteal muscles are presented with effective strengthening methods based on % MVC. There are
some unclear points about how to strengthen the diaphragm along the upper edge and the pelvic floor
muscles that form the bottom, so further research is awaited. In early rehabilitation after pelvic
fracture, it is necessary to consider muscle invasion. We recommend that a rehabilitation plan that
includes aggressive strength training of the repaired muscle should be established starting 12 weeks

after surgery.



348

349
350
351
352
353
394
395
356
357
398
399
360
361
362
363
364
365
366
367
368
369
370
37
372
373
374
375

References

. Rathore M, Trivedi S, Abraham J, Sinha MB. 2017. Anatomical correlation of core muscle

activation in different yogic postures. IntJ Yoga 10: 59-66. doi: 10.4103/0973-6131.205515.

. Akuthota V, Nadler SF. 2004. Core strengthening. Arch Phys Med Rehabil 85: S86-92. doi:

10.1053/j.apmr.2003.12.005.

. Shinkle J, Nesser TW, Demchak TJ, McMannus DM. 2012. Effect of core strength on the

measure of power in the extremities. J Strength Cond Res 26: 373-380. doi:
10.1519/JSC.0b013e31822600e5.

. Kubota M, Kokubo Y, Sasaki S, Shimada S, Kitade I, Matumura M, Kamei K, Kitano M,

Nonoyama T, Koie Y, Natuo H, Naruse H. et al. 2009. Effects of early muscle strengthening of
hip abductor and adductor muscles after surgery for pelvic fracture. Rigakuryoho Kagaku 24:
873-878 (in Japanese). doi: 10.1589/rika.24.873.

. Criekinge TV, Truijen S, Verbruggen C, Venis LV, Saeys W. 2019. The effect of trunk training

on muscle thickness and muscle activity: a systematic review. Disabil Rehabil 41: 1751-1759.

doi: 10.1080/09638288.2018.1445785.

. Oliva-Lozano JM and Muyor JM. 2020. Core Muscle Activity During Physical Fitness

Exercises: A Systematic Review. Int J Environ Res Public Health 17: 4306. doi:
10.3390/1jerph17124306.

. Crommert ME, Bjerkefors A, Tarassova O, Ekblom MM. 2018. Abdominal muscle activation

during common modifications of the trunk curl-up Exercise. J Strength Cond Res 35: 428-435.
doi: 10.1519/JSC.0000000000002439.

. Saeterbakken AH, Andersen V, Jansson J, Kvellestad AC, Fimland MS. 2014, Effects of BOSU

ball(s) during sit-ups with body weight and added resistance on core muscle activation. J
Strength Cond Res 28: 3515-3522. doi: 10.1519/JSC.0000000000000565.

. Maeo S, Takahashi T, Takai Y, Kanehisa H. 2013. Trunk muscle activities during abdominal

bracing: Comparison among muscles and exercises. J Sports Sci Med 12: 467-474.

10.Cortell-Tormo JM, Garcia-Jaén M, Chulvi-Medrano I, Hernandez-Sanchez S, Lucas-Cuevas

AG, Tortosa-Martinez J. 2017. Influence of scapular position on the core musculature activation



376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405

in the prone plank exercise. J Strength Cond Res 31: 2255-2262. doi:
10.1519/JSC.0000000000001689.

11.Cugliari G and Boccia G. 2017. Core muscle activation in suspension training exercises. J] Hum
Kinet 56: 61-71. doi: 10.1515/hukin-2017-0023.

12.Calatayud J, Casafia J, Martin F, Jakobsen MD, Colado JC, Andersen LL. 2017. Progression of
core stability exercises based on the extent of muscle activity. Am J Phys Med Rehabil 96: 694—
699. doi: 10.1097/PHM.0000000000000713.

13.Martuscello JM, Nuzzo JL, Ashley CD, Campbell BI, Orriola JJ, Mayer JM. 2013. Systematic
review of core muscle activity during physical fitness exercises. J Strength Cond Res 27: 1684-
1698. doi: 10.1519/JSC.0b013e318291b8da.

14.Pirouzi S, Emami F, Taghizadeh S, Ghanbari A. 2013. Is abdominal muscle activity different
from lumbar muscle activity during four-point kneeling? Iran J Med Sci 38: 327-333.

15.0kubo Y, Kaneoka K, Imai A, Shiina I, Tatsumura M, Izumi S, Miyakawa S. 2010.
Electromyographic analysis of transversus abdominis and lumbar multifidus using wire
electrodes during lumbar stabilization exercises. J Orthop Sports Phys Ther 40: 743-750. dot:
10.2519/jospt.2010.3192.

16.Li X, Liu H, Lin KY, Miao P, Zhang BF, Lu SW, Li L, Wang CH. 2020. Effects of different
sling settings on electromyographic activities of selected trunk muscles: A preliminary research.
Biomed Res Int 2020: 2945952. doi: 10.1155/2020/2945952.

17.McGill SM and Marshall LW. 2012. Kettlebell swing, snatch, and bottoms-up carry: Back and
hip muscle activation, motion, and low back loads. J Strength Cond Res 26: 16-27. doi:
10.1519/JSC.0b013e31823a40063.

18.Patterson JM, Vigotsky AD, Oppenheimer NE, Feser EH. 2015. Differences in unilateral chest
press muscle activation and kinematics on a stable versus unstable surface while holding one
versus two dumbbells. PeerJ 3: €1365. doi: 10.7717/peerj.1365. eCollection 2015.

19.Kim SH and Park SY. 2018. Effect of hip position and breathing pattern on abdominal muscle
activation during curl-up variations. J Exerc Rehabil 14: 445-450. doi:
10.12965/jer.1836170.085.

20.Van Den Tillaar R and Saeterbakken AH. 2018. Comparison of core muscle activation between
a prone bridge and 6-RM back squats. ] Hum Kinet 62: 43-53. doi: 10.1515/hukin-2017-0176.



406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435

21.Saeterbakken AH and Fimland MS. 2012. Muscle activity of the core during bilateral, unilateral,
seated and standing resistance exercise. Eur J Appl Physiol 112: 1671-1678. doi:
10.1007/s00421-011-2141-7.

22 Martin-Fuentes I, Oliva-Lozano JM, Muyor JM. 2020. Electromyographic activity in deadlift
exercise and its variants. A systematic review. PLoS One 15: €0229507. doi:
10.1371/jourmal.pone.0229507.

23.Harris S, Ruffin E, Brewer W, Ortiz A. Muscle activation patterns during suspension training
exercises. Int J Sports Phys Ther 12: 42-52.

24.Silva FHO, Arantes FJ, Gregorio FC, Santos FRA, Fidale TM, Bérzin F, Bigaton DR, Lizardo
FB. 2020. Comparison of the electromyographic activity of the trunk and rectus femoris muscles
during traditional crunch and exercise using the 5S-minute shaper device. J Strength Cond Res 34:
1-10. doi: 10.1519/JSC.0000000000003250.

25.Andersen V, Fimland MS, Mo DA, Iversen VM, Vederhus T, Rockland Helleba LR, Nordaune
KI, Saeterbakken AH. 2018. Electromyographic comparison of barbell deadlift, hex bar deadlift,
and hip thrust exercises: A cross-over study. J Strength Cond Res 32: 587-593. doi:
10.1519/JSC.0000000000001826.

26.Andersen V, Fimland MS, Mo DA, Iversen VM, Larsen TM, Solheim F, Saeterbakken AH.
2019. Electromyographic comparison of the barbell deadlift using constant versus variable
resistance in healthy, trained men. PLoS ONE 14: €0211021. doi:
10.1371/journal.pone.0211021.

27.Kim MJ, Oh DW, Park HJ. 2013. Integrating arm movement into bridge exercise: Effect on
EMG activity of selected trunk muscles. J Electromyogr Kinesiol. 23: 1119-1123. doi:
10.1016/j.jelekin.2013.07.001.

28.Youdas JW, Keith JM, Nonn DE, Squires AC, Hollman JH. 2016. Activation of spinal
stabilizers and shoulder complex muscles during an inverted row using a portable pull-up device
and body weight resistance. J Strength Cond Res 30: 1933—-1941. doi:
10.1519/JSC.0000000000001210.

29.Borreani S, Calatayud J, Colado JC, Moya-N4jera D, Triplett NT, Martin F. 2015. Muscle
activation during push-ups performed under stable and unstable conditions. J Exerc Sci Fit 13:

94-98. doi: 10.1016/).jesf.2015.07.002.



436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464

30.Lorca-Santiago J, Jiménez SL, Pareja-Galeano H, Lorenzo A. 2020. Inspiratory Muscle Training
in Intermittent Sports Modalities: A Systematic Review. Int J Environ Res Public Health 17:
4448. doi: 10.3390/ijerph17124448.

31.Seixas MB, Almeida LB, Trevizan PF, Martinez DG, Laterza MC, Vanderlei LCM, Silva LP.
2020. Effects of Inspiratory Muscle Training in Older Adults. Respir Care 65: 535-544. doi:
10.4187/respcare.06945.

32.Cipriano GF, Cipriano G Jr, Santos FV, Giintzel Chiappa AM, Pires L, Cahalin LP, Chiappa
GR. 2019. Current insights of inspiratory muscle training on the cardiovascular system: a
systematic review with meta-analysis. Integr Blood Press Control 12: 1-11. doi:
10.2147/IBPC.S159386.

33.Manifield J, Winnard A, Hume E, Armstrong M, Baker K, Adams N, Vogiatzis I, Barry G.
2021. Inspiratory muscle training for improving inspiratory muscle strength and functional
capacity in older adults: a systematic review and meta-analysis. Age Ageing 50: 716-724. doi:
10.1093/ageing/afaa221.

34.Shei RJ, Chapman RF, Gruber AH, Mickleborough TD. 2017. Respiratory effects of thoracic
load carriage exercise and inspiratory muscle training as a strategy to optimize respiratory muscle
performance with load carriage. Springer Sci Rev 5: 49-64. doi: 10.1007/s40362-017-0046-5.

35.HajGhanbari B, Yamabayashi C, Buna TR, Coelho JD, Freedman KD, Morton TA, Palmer SA,
Toy MA, Walsh C, Sheel AW, Reid WD. 2013. Effects of respiratory muscle training on
performance in athletes: a systematic review with meta-analyses. J Strength Cond Res 27: 1643—
1663. doi: 10.1519/JSC.0b013e318269f73f.

36.Faghy MA, Brown PI, Davis NM, Mayes JP, Maden-Wilkinson TM. 2021. A flow resistive
inspiratory muscle training mask worn during high-intensity interval training does not improve 5
km running time-trial performance. Eur J Appl Physiol 121: 183-191. doi: 10.1007/s00421-020-
04505-3.

37.0h Y], Park SH, Lee MM. 2020. Comparison of Effects of Abdominal Draw-In Lumbar
Stabilization Exercises with and without Respiratory Resistance on Women with Low Back
Pain: A Randomized Controlled Trial. Med Sci Monit 26: €921295. doi:
10.12659/MSM.921295.



465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493

38.Liu Q, Duan H, Lian A, Zhuang M, Zhao X, Liu X. 2021. Rehabilitation Effects of Acupuncture
on the Diaphragm Dysfunction in Chronic Obstructive Pulmonary Disease: A Systematic
Review. Int J Chron Obstruct Pulmon Dis 16: 2023-2037. doi: 10.2147/COPD.S313439.

39.Shei RJ. 2018. Recent Advancements in Our Understanding of the Ergogenic Effect of
Respiratory Muscle Training in Healthy Humans: A Systematic Review. J Strength Cond Res
32:2665-2676. doi: 10.1519/JSC.0000000000002730.

40.Raux M, Demoule A, Redolfi S, Morelot-Panzini C, Similowski T. 2016. Reduced phrenic
motoneuron recruitment during sustained inspiratory threshold loading compared to single-
breath loading: A twitch interpolation study. Front Physiol 7: 537. doi:
10.3389/fphys.2016.00537.

41.Raux M, Tyvaert L, Ferreira M, Kindler F, Bardinet E, Karachi C, Morelot-Panzini C, Gotman J,
Pike GB, Koski L, Similowski T. 2013. Functional magnetic resonance imaging suggests
automatization of the cortical response to inspiratory threshold loading in humans. Respir Physiol
Neurobiol 189: 571-580. doi: 10.1016/j.resp.2013.08.005.

42.Ramsook AH, Molgat-Seon Y, Schaeffer MR, Wilkie SS, Camp PG, Reid WD, Romer LM,
Guenette JA. 2017. Effects of inspiratory muscle training on respiratory muscle
electromyography and dyspnea during exercise in healthy men. J Appl Physiol 122: 1267-1275.
doi: 10.1152/japplphysiol.00046.2017.

43.Walterspacher S, Pietsch F, Walker DJ, Rocker K, Kabitz H-J. 2018. Activation of respiratory
muscles during respiratory muscle training. Respir Physiol Neurobiol 247: 126-132. doi:
10.1016/j.resp.2017.10.004.

44.Ramsook AH, Koo R, Molgat-Seon Y, Dominelli PB, Syed N, Ryerson CJ, Sheel AW,
Guenette JA. 2016. Diaphragm recruitment increases during a bout of targeted inspiratory
muscle training. Med Sci Sports Exerc 48: 1179-1186. doi: 10.1249/MSS.0000000000000881.

45.Kegel AH. 1948. Progressive resistance exercise in the functional restoration of the perineal
muscles. Am J Obstet Gynecol 56: 238-248. doi: 10.1016/0002-9378(48)90266-x.

46.Dumoulin C, Hay-Smith EJ, Mac Habée-Séguin G. 2014. Pelvic floor muscle training versus no
treatment, or inactive control treatments, for urinary incontinence in women. Cochrane Database

Syst Rev 14: CD005654. doi: 10.1002/14651858.CD005654.pub3.



494
495
496
497
498
499
900
501
502
903
904
505
506
907
908
509
510
o11
912
513
514
915
916
917
518
919
920
921
522

47.Hall LM, Aljuraifani R, Hodges PW. 2018. Design of programs to train pelvic floor muscles in
men with urinary dysfunction: Systematic review. Neurourol Urodyn 37: 2053-2087. doi:
10.1002/nau.23593.

48.Marques A, Stothers L, Macnab A. 2010. The status of pelvic floor muscle training for women.
Can Urol Assoc J 4: 419-424. doi: 10.5489/cuaj.10026.

49.Zachovajeviene B, Siupsinskas L, Zachovajevas P, Venclovas Z, Milonas D. 2019. Effect of
diaphragm and abdominal muscle training on pelvic floor strength and endurance: results of a
prospective randomized trial. Sci Rep 9: 19192. doi: 10.1038/s41598-019-55724-4.

50.Nie XF, Ouyang YQ, Wang L, Redding SR. 2017. A meta-analysis of pelvic floor muscle
training for the treatment of urinary incontinence. Int J Gynaecol Obstet 138: 250-255. doi:
10.1002/ijgo.12232.

51.Sapsford RR, Richardson CA, Maher CF, Hodges PW. 2008. Pelvic floor muscle activity in
different sitting postures in continent and incontinent women. Arch Phys Med Rehabil 89: 1741-
1747. doi: 10.1016/j.apmr.2008.01.029.

52.Kannan P, Winser S, Goonetilleke R, Cheing G. 2019. Ankle positions potentially facilitating
greater maximal contraction of pelvic floor muscles: a systematic review and meta-analysis.
Disabil Rehabil 41: 2483-2491. doi: 10.1080/09638288.2018.1468934.

53.Wu X, Zheng X, Yi X, Lai P, Lan Y. 2021. Electromyographic Biofeedback for Stress Urinary
Incontinence or Pelvic Floor Dysfunction in Women: A Systematic Review and Meta-Analysis.
Adv Ther 38: 4163-4177. doi: 10.1007/s12325-021-01831-6.

54.Lemos AQ, Brasil CA, Valverde D, Ferreira JDS, Lordélo P, S4 KN. 2018. The pilates method
in the function of pelvic floor muscles: Systematic review and meta-analysis. J Bodyw Mov
Ther 23: 270-277. doi: 10.1016/j,jbmt.2018.07.002.

55.Jacomo RH, Nascimento TR, Lucena da Siva M, Salata MC, Alves AT, da Cruz PRC, Batista
de Sousa J. 2020. Exercise regimens other than pelvic floor muscle training cannot increase
pelvic muscle strength-a systematic review. J Bodyw Mov Ther 24: 568-574. doi:
10.1016/3.jbmt.2020.08.005.

56.Bo K, Driusso P, Jorge CH. 2023. Can you breathe yourself to a better pelvic floor? A systematic
review. Neurourol Urodyn. doi: 10.1002/nau.25218. Online ahead of print.



923
924
925
226
927
928
929
530
531
932
933
234
235
236
237
238
239
940
941
542
243
944
945
246
947
948
949
550
551
992

57.Bezerra LO, de Oliveira MCE, da Silva Filho EM, Vicente da Silva HK, Menezes de Oliveira
GF, da Silveira Gongalves AK, Pegado R, Micussi MTABC. 2021. Impact of Pelvic Floor
Muscle Training Isolated and Associated with Game Therapy on Mixed Urinary Incontinence:
A Randomized Controlled Trial. Games Health J 10: 43-49. doi: 10.1089/g4h.2019.0207.

58.Rutkowska A, Salvalaggio S, Rutkowski S, Turolla A. 2022. Use of Virtual Reality-Based
Therapy in Patients with Urinary Incontinence: A Systematic Review with Meta-Analysis. Int J
Environ Res Public Health 19: 6155. doi: 10.3390/1jerph19106155.

59.Senksen J, Ohl DA, Bonde B, Laessge L, McGuire EJ. 2007. Transcutaneous mechanical nerve
stimulation using perineal vibration: a novel method for the treatment of female stress urinary
incontinence. J Urol 178: 2025-2028. doi: 10.1016/1.juro.2007.07.012.

60.Rodrigues MP, Paiva LL, Ramos JGL, Ferla L. 2018. Vibratory perineal stimulation for the
treatment of female stress urinary incontinence: a systematic review. Int Urogynecol J 29: 555-
562. doi: 10.1007/s00192-017-3444-y.

61.Sayner AM, Tang CY, Toohey K, Mendoza C, Nahon 1. 2022. Opportunities and Capabilities to
Perform Pelvic Floor Muscle Training Are Critical for Participation: A Systematic Review and
Qualitative Meta-Synthesis. Phys Ther 102: pzac106. doi: 10.1093/ptj/pzac106.

62.Paiva LL, Ferla L, Darski C, Catarino BM, Ramos JG. 2017. Pelvic floor muscle training in
groups versus individual or home treatment of women with urinary incontinence: systematic
review and meta-analysis. Int Urogynecol J 28: 351-359. doi: 10.1007/s00192-016-3133-2.

63. Asklund I, Nystrom E, Sjostrom M, Umefjord G, Stenlund H, Samuelsson E. 2017. Mobile app
for treatment of stress urinary incontinence: A randomized controlled trial. Neurourol Urodyn
36: 1369-1376. doi: 10.1002/nau.23116.

64.Ho L, Macnab A, Matsubara Y, Peterson K, Tsang B, Stothers L. 2020. Rating of Pelvic Floor
Muscle Training Mobile Applications for Treatment of Urinary Incontinence in Women.
Urology 150: 92-98. doi: 10.1016/j.urology.2020.08.040.

65.Thorborg K, Bandholm T, Zebis M, Andersen LL, Jensen J, Holmich P. 2015. strengthening
effect of a hip-flexor training programme: a randomized controlled trial. Knee Surg Sports
Traumatol Arthrosc 24: 2346-2352. doi: 10.1007/s00167-015-3583-y.

66.Macadam P, Cronin J, Contreras B. 2015. AN EXAMINATION OF THE GLUTEAL
MUSCLE ACTIVITY ASSOCIATED WITH DYNAMIC HIP ABDUCTION AND HIP



553 EXTERNAL ROTATION EXERCISE: A SYSTEMATIC REVIEW. Int J Sports Phys Ther
554 10: 573-591.

555 67.Neto WK, Vieira TL, Gama EF. 2019. Barbell Hip Thrust, Muscular Activation and

956 Performance: A Systematic Review. J Sports Sci Med 18: 198-206.

957 68.Martin-Fuentes I, Oliva-Lozano JM, Muyor JM. 2020. Electromyographic activity in deadlift
958 exercise and its variants. A systematic review. PLoS One 15: €0229507. doi:

959 10.1371/journal.pone.0229507.

560 69.Neto WK, Soares EG, Vieira TL, Aguiar R, Chola TA, Sampaio VL, Gama EF. 2020. Gluteus
561 Maximus Activation during Common Strength and Hypertrophy Exercises: A Systematic

962 Review. J Sports Sci Med 19: 195-203.

563 70.Simenz CJ, Garceau LR, Lutsch BN, Suchomel TJ, Ebben WP. 2012. Electromyographical

564 analysis of lower extremity muscle activation during variations of the loaded step-up exercise. J
565 Strength Cond Res 26: 3398-3405. doi: 10.1519/JSC.0b013e3182472fad.

566 71.Collazo Garcia CL, Rueda J, Suarez Luginick B, Navarro E. 2020. Differences in the

967 Electromyographic Activity of Lower-Body Muscles in Hip Thrust Variations. J Strength Cond
568 Res 34: 2449-2455. doi: 10.1519/JSC.0000000000002859.

569 72.Williams MJ, Gibson NV, Sorbie GG, Ugbolue UC, Brouner J, Easton C. 2021. Activation of

970 the Gluteus Maximus During Performance of the Back Squat, Split Squat, and Barbell Hip
o7 Thrust and the Relationship With Maximal Sprinting. J Strength Cond Res 35: 16-24. doi:
572 10.1519/JSC.0000000000002651.

573 73.Contreras B, Vigotsky AD, Schoenfeld BJ, Beardsley C, Cronin J. 2016. A Comparison of

974 Gluteus Maximus, Biceps Femoris, and Vastus Lateralis Electromyography Amplitude for the
975 Barbell, Band, and American Hip Thrust Variations. J Appl Biomech 32: 254-260. doi:

576 10.1123/jab.2015-0091.

577 74.Contreras B, Vigotsky AD, Schoenfeld BJ, Beardsley C, Cronin J. 2015. A Comparison of

978 Gluteus Maximus, Biceps Femoris, and Vastus Lateralis Electromyographic Activity in the Back
979 Squat and Barbell Hip Thrust Exercises. J Appl Biomech 31: 452-458. doi: 10.1123/jab.2014-

580 0301.



581
982
983
284
285
286
287
288
289
990
991
292
293
994
995
296
297
998
999
600
601
602
603
604
605
606
607
608
609
610

75.Evans TW, McLester CN, Howard JS, McLester JR, Calloway JP. 2019. Comparison of Muscle
Activation Between Back Squats and Belt Squats. J Strength Cond Res Suppl 1:S52-S59. doi:
10.1519/JSC.0000000000002052.

76.McCurdy K, Walker J, Yuen D. 2018. Gluteus Maximus and Hamstring Activation During
Selected Weight-Bearing Resistance Exercises. J Strength Cond Res 32: 594-601. doi:
10.1519/JSC.0000000000001893.

77.Marchetti PH, Guiselini MA, da Silva JJ, Tucker R, Behm DG, Brown LE. 2018. Balance and
Lower Limb Muscle Activation between In-Line and Traditional Lunge Exercises. J Hum Kinet
62: 15-22. doi: 10.1515/hukin-2017-0174.

78.Ganderton C, Pizzari T, Cook J, Semciw A. 2017. Gluteus Minimus and Gluteus Medius
Muscle Activity During Common Rehabilitation Exercises in Healthy Postmenopausal Women.
J Orthop Sports Phys Ther 47: 914-922. doi: 10.2519/jospt.2017.7229.

79.0'Sullivan K, Herbert E, Sainsbury D, McCreesh K, Clifford A. 2012. No difference in gluteus
medius activation in women with mild patellofemoral pain. J Sport Rehabil 21: 110-118. doi:
10.1123/jsr.21.2.110.

80.Boren K, Conrey C, Le Coguic J, Paprocki L, Voight M, Robinson TK. 2011.
Electromyographic analysis of gluteus medius and gluteus maximus during rehabilitation
exercises. Int J Sports Phys Ther 6: 206-223.

81.Bolgla LA and Uhl TL. 2005. Electromyographic analysis of hip rehabilitation exercises in a
group of healthy subjects. J Orthop Sports Phys Ther 35: 487-494. doi:
10.2519/jospt.2005.35.8.487.

82.Monteiro RL, Facchini JH, de Freitas DG, Callegari B, Jodao SM. 2017. Hip Rotations' Influence
of Electromyographic Activity of Gluteus Medius Muscle During Pelvic-Drop Exercise. J Sport
Rehabil 26: 65-71. doi: 10.1123/js1.2015-0097.

83.Beredjiklian PK. 2003. Biologic aspects of flexor tendon laceration and repair. J Bone Joint Surg
Am 85: 539-550. doi: 10.2106/00004623-200303000-00025.

84.Pierre PS, Olson EJ, Elliott JJ, O'Hair KC, McKinney LA, Ryan J. 1995. Tendon-healing to
cortical bone compared with healing to a cancellous trough. A biomechanical and histological
evaluation in goats. J Bone Joint Surg Am 77: 1858-1866. doi: 10.2106/00004623-199512000-
00010.



611
612
613
614
615
616
617
618

619

620

85.Stahlin T, Drittenbass L, Hersche O, Miehlke W, Munzinger U. 2004. Failure of capsular
enhanced short external rotator repair after total hip replacement. Clin Orthop 420: 199-204. doi:
10.1097/00003086-200403000-00028.

86.Pellicci PM, Potter HG, Foo LF, Boettner F. 2009. MRI shows biologic restoration of posterior
soft tissue repairs after THA. Clin Orthop Relat Res 467: 940-945. doi: 10.1007/s11999-008-
0503-1.

87.Sciarretta FV, Moya D, List K. 2023. Current trends in rehabilitation of rotator cuff injuries.
SICOT J. doi: 10.1051/sicotj/2023011.



621  Figure legends

622
e — 5
—

623

624  Fig 1 Rectus abdominis training (V-sit exercise). Adapted from [7]
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627  Fig. 2 Transverse abdominis and lumbar multifidus training (bird dog exercise). Adapted from [13]
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630  Fig. 3 Transverse abdominis and internal oblique training (plank exercise). Adapted from [10]
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636  Fig. 5 Lumbar multifidus training (bridge exercise and arm abduction). Adapted from [27]
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639  Fig 6 Diaphragm training (draw-in with breathing device). Adapted from [37]
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Fig. 7 Diaphragm training (side-bench with breathing device). Adapted from [37]

Fig. 8 Rectus abdominis training (with sling). Adapted from [11]

Fig. 9 Transverse abdominis and internal oblique training (with sling). Adapted from [16]
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651  Fig. 10 Erector spinae training (bridge exercise with balance ball)
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654  Fig. 11 Lumbar multifidus training (bridge exercise and arm abduction with balance ball) Adapted

655  from [27]
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659
660  Fig. 12 Erector spinae training (with kettlebells and barbells). Adapted from [25]
661

662
663  Fig. 13 Gluteus training (lunge exercise with kettlebells and barbells). Adapted from [77]
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Trunk flexion and posterior pelvic tilt
Bilateral contraction reduces the distance between the glenoid process and the pubic symphysis.

Known anatomically as the "corset muscle," it not only serves to compress the abdomen, but also stabilizes the lower back through its attachment to
the thoracolumbar fascia.

Bilateral: trunk flexion and posterior pelvic tilt, + increased thoracolumbar fascia tension

Unilateral: trunk lateral flexion and ipsilateral trunk rotation

Of all abdominal muscle groups, it has the largest physiological cross-section and can generate the greatest isometric muscle force.
Bilateral: trunk flexion and posterior pelvic tilt

Unilateral: trunk lateral flexion and contralateral trunk rotation

Bilateral contraction of the erector spinae muscles results in extension of the trunk, neck, and head.
The erector spinae attach to the sacrum and pelvis to tilt the pelvis forward and increase lumbar spine kyphosis.

Bilateral contraction of the lumbar multifidus transversus muscle group results in extension of the body axis skeleton.

The added extension torque increases the anteversion of the cervical and lumbar vertebrae and decreases the kyphosis of the thoracic vertebrae.
In unilateral contraction, the spine is laterally flexed, but this muscle group is very close to the spine, so the effect of this action is limited.
Contributes to postural stability of the trunk by increasing abdominal pressure through contraction of the diaphragm.

It is the most important inspiratory muscle and increases thoracic capacity in all vertical, lateral, and anterior-posterior directions.

Iliococcygeus muscle forms part of the pelvic floor that supports the pelvic organs, maintains the anorectal angle. Relaxes to allow passage of urine
and stool. Reinforces the external anal and vaginal sphincters. Increases intra-abdominal pressure when active with the abdominal musculature and
diaphragm. Sciaticoccygeus muscle forms part of the pelvic floor, assists the muscularis anorectalis to control urination and defecation.

The iliopsoas muscle has actions of hip flexion, both of the femur against the pelvis and of the pelvis against the femur.

The psoas major muscle acts in hip flexion, both femur against pelvis and pelvis against femur, lateral flexion of the lumbar spine, flexion of the
lumbar region against the sacrum, and vertical stabilization of the lumbar spine.

The gluteus maximus is the primary extensor and external rotator of the hip joint.

It is stabilizes the sacroiliac joint and the lumbar region through its own widely attached ligaments and fascia.

The gluteus medius is the largest abductor muscle, with all fibers contributing to hip abduction. Muscle activity of the anterior and posterior fibers of
the gluteus minimus play different roles in hip stability because of a slight shift in when each is most active during the stance phase of gait.

Modified from Reference 5
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