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A multitude of muscles may be considered components of the “core” including muscles that attach to the glenohumeral joint or hip; however, this paper will focus on core muscles that attach to the trunk.1 Muscles, such as the transverse abdominus and lumbar multifidus, can be considered local, or deep, muscles in which core stabilization or motor control exercises can be implemented to target these muscles, whereas muscles, such as the erector spinae, rectus abdominus, and internal and external obliques, can be considered global, or superficial, muscles in which general back strengthening exercises may be implemented.1,2,3,4 Local muscles are comprised primarily of shorter, slow-twitch fibers and respond to changes in posture and eccentric loads, while global muscles are comprised primarily of longer, fast-twitch fibers and produce large amounts of torque and movement.5 These muscles may provide stability for the spine, but they only comprise one subsystem that provides spinal stability.5 In addition to this active subsystem provided by musculature, a passive subsystem consisting of bones and ligaments and a neuromuscular control subsystem also provide stability.5 While this paper will focus on the active subsystem, the other subsystems undoubtedly play a role in improving core stability. 
	Before discussing interventions related to core musculature, the structure and function of a few core muscles will be briefly overviewed though specific details on attachments and biomechanics are beyond the scope of this paper. Figures depicting the anatomy of the following muscles are provided in Appendix A. The abdominal wall is composed of the transverse abdominis and internal and external obliques that are all involved with trunk flexion due to their attachment to the linea semilunaris, and these muscles help form the rectus sheath.1 The external oblique is the largest and most superficial muscle of the abdominal wall and the internal oblique lies just deep to the external oblique.6 The external and internal obliques are involved with rotational forces at the torso and lateral bending.1 The rectus abdominis is deep to the internal oblique and is a long, strap-like muscle bisected by the linea alba.6 It is the strongest trunk flexor.1 The transverse abdominis, which is the deepest abdominal wall muscle, attaches to the abdominal and lumbodorsal fascia and is primarily comprised of horizontal fibers, except for the inferior fibers that are orientated parallel to the internal oblique.1,5,6 The transverse abdominis likewise works with the internal oblique to increase intra-abdominal pressure and stiffen the spine.5 The lumbar multifidi span two to three spinal segments and typically only impact local spinal regions.1 Like the transverse abdominis, the lumbar multifidi stiffen the spine.1 The erector spinae is composed of three vertically oriented muscles that extend the spine: iliocostalis, longissimus, and spinalis.7 The iliocostalis represents the lateral-most column, the longissimus represents the intermediate column, and the spinalis represents the medial column.7 The iliocostalis and longissimus can be divided into thoracic and lumbar sections, and the lumbar component directs force in a posterior and caudal direction which causes a posterior shear and extension moment at the spine.1
An extended period of injury or pain may result in activity avoidance and subsequent core muscle weakness or atrophy and altered spine biomechanics.8 It may also cause delayed activation of musculature such as the transverse abdominis.9 These stabilizing muscles may control static position and help transfer forces before dynamic movement,1 and likewise may contract before movement of the extremities.5 Core stabilization exercise (CSE) interventions are generally aimed to improve the coordination of trunk musculature and protect the spine from injury.10 The effects of CSE on various lumbar pathologies, such as lumbar disc herniation, lumbosacral radiculopathy, lumbar spinal stenosis, and non-specific chronic low back pain, will be discussed below. While other conservative and surgical options may often be used for these conditions, CSE will be the primary emphasis of the discussion.
	Lumbar disc herniation (LDH) is defined as the localized displacement of disc material that is beyond the intervertebral disc space and can often result in low back and radiating leg pain due to spinal nerve root compression.11,12,13 Symptomatic LDH may be prevalent in about 1-3% of the general population.14 LDH can decrease lumbar curve and cause sacroiliac joint instability and increase the sacral angle of inclination.15 Diagnosis of LDH can be confirmed by imaging, such as computed tomography (CT) or magnetic resonance imaging (MRI).13 
	Bayraktar et al. compared the effects of land-based and water-based CSE interventions on outcomes in individuals with LDH.12 Both interventions were 8 weeks with 60-minute sessions performed 3 times per week.12 The sessions emphasized isolated activation of the transverse abdominus.12 Both interventions were progressed by changing positions or base of support and increasing resistance.12 Both interventions resulted in significant improvements in pain, trunk muscle endurance, perceived disability, and health-related quality of life, although no significant differences were found between the groups.12 Therefore, land- and water-based core exercises may be similarly effective in improving outcomes. Aquatic therapy may be a particularly intriguing option for patients with back pain. The authors note that many patients with back pain may have kinesiophobia, but aquatic therapy may be a safe method that can alleviate pain and could possibly be more amenable or interesting to some patients.12 
Jeong et al. reported that both a balance center stabilization resistance intervention and a three-dimensional stabilization intervention significantly improved disc herniation index and Korean Oswestry Disability Index, which is related to disability and functional performance, in subjects with LDH.15 The balance center stabilization intervention also decreased sacral angle.15 Both interventions comprised of 30-minute sessions performed 3 times per week for 4 weeks and required the use of specialized equipment that induced pelvic movements.15 Interestingly, the use of pelvic movements appeared to aid in improving lumbar symptoms.15 Due to the use of specialized equipment, this intervention may not be financially or spatially feasible to directly perform in many clinic environments, but the results suggest that lumbopelvic stabilization exercises may improve outcomes in patients with LDH.
	LDH may be considered the most common cause of lumbosacral radiculopathy.13 Direct trauma or chemical irritation can likewise cause radiculopathy.8 The prevalence of lumbosacral radiculopathy in the general population may range from 9.9% to 25%.16 Lumbosacral radiculopathy can result in pain, sensory impairment, or weakness along the affected nerve root distribution.8 LDH or radiculopathy may also cause changes in the size or distribution of type I and II lumbar multifidus muscle fibers.17 A CSE intervention addressing radiculopathy can include exercises such as “abdominal hollowing” that activate the transverse abdominus, and can be supplemented by biofeedback and cueing.8 Gradually, the exercises can be progressed to more functional positions and activities.8 Exercises involving lumbar flexion should be avoided as lumbar flexion can increase radicular symptoms through greater posterior pressure on the disc, so exercises in a neutral or slightly extended position should be implemented.8
Hahne et al. conducted a systematic review of conservative treatments implemented on subjects with LDH and radiculopathy and identified a randomized controlled trial (RCT) that they considered high-quality which found that a lumbar stabilization exercise intervention significantly improved pain, trunk flexion range of motion, painless straight leg raise range, and physical functioning.13,18 The exercises in this intervention were progressed by changing positions and adding extremity movements or an exercise ball.18 While there is limited evidence overall, CSE may improve outcomes in patients with lumbosacral radiculopathy.  
	Lumbar spinal stenosis (LSS), or narrowing of the spinal canal, is often diagnosed through MRI or CT, but there is no established objective definition for LSS.19 Kalichman et al. incorporated a commonly used cutoff of <12 mm canal diameter to represent “relative” stenosis and <10 mm to represent “absolute” stenosis.19 Using data from the large Framingham Heart Study, the investigators observed that the prevalence of relative acquired, or developmental, LSS was 22.5% and of absolute acquired LSS was 7.3%.19 Prevalence increased with increasing age, and absolute, though not relative, LSS was associated with the presence of low back pain.19 Overall, although LSS is not clearly defined, it appears present in a fairly large proportion of the population and may be commonly associated with back pain. 
Like the two above conditions, there appears to be few articles examining CSE and lumbar spinal stenosis. One study implemented a CSE intervention that included exercises such as planks, bridges, and straight leg raises that were performed daily for six weeks.20 This intervention was shown to significantly improve self-reported walking distance and Japanese Orthopedic Association (JOA) score, which assesses subjective symptoms and functional impairments in subjects with LSS.20 Mu et al. implemented a very similar CSE intervention that was continued for four weeks but was compared to a general exercise intervention.21 All of the subjects in both groups received middle frequency electrotherapy prior to the interventions, which may influence the results.21 Both groups significantly improved in JOA score and self-reported walking capacity, but the CSE group had a significantly larger increase in the outcomes than the general exercise group.21 Lumbar lordosis angle measured through radiograph did not significantly change in either group.21 Chen et al. also measured the degree of spinal stenosis in the subjects through MRI but did not find a significant correlation between the degree of spinal stenosis and JOA score or walking distance.20 This suggests that symptoms or function do not reliably correlate with the severity of canal narrowing.20 Nevertheless, physical therapists would likely focus on the symptoms more than the canal diameter, and CSE may improve symptoms and function in patients with LSS. 
Unlike in the above conditions, there seems to be a far larger number of studies examining CSE interventions and non-specific chronic low back pain (CLBP). 70-85% of individuals may suffer from back pain during some portion of their lives and recurrence rates can be very high.22 About 90% of CLBP may be of a non-specific origin.17 Wang et al. conducted a systematic review and meta-analysis of 5 RCTs comparing CSE and general exercise interventions in individuals with non-specific CLBP and found that CSE interventions significantly improved pain and functional status at short term follow-up; however, no significant differences were found between the interventions at 6 or 12 month follow-up.23 CSE interventions may therefore have at least a short-term advantage over general exercise. The studies were considered to have a high risk of bias, which may limit the conclusions drawn from the review, although no adverse events were reported in the studies.23 
	A systematic review and meta-analysis of 29 studies conducted a few years later observed more mixed results. Smith et al. found that CSE interventions led to statistically significant improvements in pain and function compared to alternative forms of treatment or control in short and long term follow-up periods among subjects with low back pain; however, these differences were not clinically significant based on minimal clinically important differences (MCID) at any time period.24 Compared to only other forms of exercise, CSE also did not demonstrate clinically significant differences in pain and function at any time period and only statistically significant differences at short and medium term follow-up.24 Many of the studies were considered to be of high quality with a lower risk of bias.24 The authors offer a strong conclusion that CSE interventions can produce beneficial results but not better than any other forms of exercise.24 Clinical significance is a crucial concept to consider and was not discussed in most of the above studies in this paper. As a result, the authors’ conclusions are based on a higher but likely more meaningful threshold from the MCID than the other studies. Examining only statistical significance, this review similarly shows that CSE only seem to consistently produce short term benefits in pain and function better than general exercise. Either way, the results from this review certainly highlight the value of exploring clinical significance.  
	Nevertheless, a few more recent studies have produced some positive results. A RCT of female nurses with CLBP depicted that an 8-week multi-step CSE intervention led to a significant improvement in pain, functional ability, quality of life, and muscle diameter of the external oblique, internal oblique, and transverse abdominis during an abdominal drawing-in maneuver (ADIM) compared to a wait-list control group.25 The intervention included the ADIM and exercises utilizing a Swiss ball, with progressions in various positions and dynamic movements.25 A large limitation of the study is that 16 of the 36 total subjects dropped out, which could influence the results.25 The investigators also used a sample of health care providers which may differ from the general population. Still, the study shows positive potential of a CSE intervention.
Another study showed that a CSE intervention led to a significantly greater reduction in pain than a routine physical therapy intervention.9 The subjects in the CSE intervention group attended 40-minute sessions once weekly for six weeks and performed the same exercises at home twice per week.9 The intervention included exercises such as planks, pelvic floor exercises, and diaphragmatic strengthening exercises.9 Interestingly, although the pelvic floor and diaphragm are also considered core musculature,5 very few studies with CSE interventions seemed to mention exercises specifically targeting these areas. It certainly cannot be determined if these specific exercises influenced the positive results of the study, but further examination of these additional core areas could be helpful. In general, although the two above studies do not assess clinical significance, there is still potential for CSE to produce uniquely positive results.  
Based on the above results, general exercise may be similarly effective as stabilization exercises in treating non-specific CLBP. It would also be important to understand if stabilization exercises could reduce low back pain specifically associated with lumbar instability, since instability would be a logical indication for a stabilization intervention. Hicks et al. developed a clinical prediction rule that may help identify patients who may benefit from a CSE program, which includes patients who are younger than 40 years old, have an average straight leg raise of greater than 91 degrees, have aberrant spinal movements, and have a positive prone instability test.26 A list of other various tests that can be used to assess core stability is provided in Appendix B. 
Puntumetakul et al. found that a CSE intervention resulted in significantly improved pain intensity, functional disability, patient satisfaction, and the transverse abdominus and internal oblique/rectus abdominus recruitment ratio immediately after the intervention and at 3-month follow-up compared to a control intervention in individuals with CLBP and clinical lumbar instability.4 The core stabilization intervention was 10 weeks and consisted of three phases: the first phase emphasized isolated activation of transverse abdominus and lumbar multifidus, the second phase focused on controlling these muscles during extremity movements, and the third phase focused on controlling the muscles during functional tasks.4 By contrast, Shamsi et al. found that a CSE intervention led to similar improvements in core stability endurance test times, disability, and pain intensity as a general exercise intervention that focused on activating paraspinals and abdominal muscles in individuals with non-specific CLBP.10 No significant differences were found between the groups immediately after the intervention.10 The intervention consisted of 16 total sessions performed 3 times per week and included contraction of local stabilization muscles.10 Exercises were progressed similarly as the study above, as subjects would contract the local muscles during functional tasks.10 
Focused on objective rather than clinical measurements, Javadian et al. compared an experimental intervention that included core stabilization and general exercises to a control intervention that only included general exercises, which were performed by individuals with non-specific CLBP.27 Lumbar segmental instability can be depicted as excessive vertebral translation or rotation, but both 8-week interventions significantly reduced most of the translation and rotation motions of the L3-L5 vertebral segments after the interventions.27 However, the experimental intervention led to significantly lower translation of L4 and L5 and lower rotation of L5.27 These results therefore indicate that CSE may significantly improve lumbar segmental instability better than general exercise.27 While core exercises may not significantly improve clinical symptoms, it is possible that the exercises may improve lumbar segment kinematics. Producing clinically meaningful results is likely more important, but these results suggest that CSE may provide some benefits for lumbar stability. Since the above studies did not utilize long follow-up periods, longer-term follow-up of clinical symptoms may better capture if improved kinematics will lead to reductions in pain and disability.  
Although the results of the effectiveness of CSE over general exercise are mixed, it would be important to confirm if CSE are actually properly activating the desired muscles since few of the above studies objectively analyzed the activation of particular core muscles in the interventions. It could be possible that activating certain group of muscles (i.e. deep vs. superficial) at the appropriate times could lead to more promising results. 
	Teyhen et al. examined the effects of six specific common core exercises, performed by healthy adults without low back pain, on core muscle thickness.28 A description of the six exercises performed in the study and a graph of the resulting activations of the transverse abdominis and internal oblique muscles are included in Appendix C. The ADIM was measured as a specific exercise but was also incorporated in the other exercises.28 Horizontal side support, or a side plank or side bridge, led to the largest increase in transverse abdominis thickness, whereas the abdominal sit-back and supine lower extremity extender led to smallest change.28 The horizontal side support and abdominal crunch produced the largest increases in internal oblique thickness.28 The ADIM and quadruped opposite upper and lower extremity lift, or bird dog, produced a relatively large increase in transverse abdominis thickness without a large increase in internal oblique thickness.28 From these results, it would appear that the ADIM and bird dog are the most effective exercises for isolated activation of deep core musculature without significant activation of superficial core musculature. While it is not conclusive that isolated deep core activation is more beneficial for treating CLBP, these two exercises should certainly at least be considered in a CSE program. The side plank exercise could also be considered as it produces high transverse abdominis activation, although it may be difficult for individuals with shoulder pathology.28 This would likely be an exercise to omit for patients with shoulder issues.
	As a result of the above study, Selkow et al. used only the ADIM, bird dog, and side plank exercises (and progressions of the exercises) in their 4-week CSE intervention and found that the intervention significantly improved transverse abdominis activation and timing (less delayed activation) better than a control group in subjects with and without low back pain.29 Therefore, these three exercises have potential to improve the degree and timing of activation of deep core musculature. A segmental stabilization intervention that was intended to target the transverse abdominis and lumbar multifidus was compared to a superficial strengthening intervention designed to target the rectus abdominis, obliques, and erector spinae in subjects with non-specific CLBP.30 The segmental stabilization intervention, which included exercises in supine hooklying, prone, and quadruped positions, was found to indeed lead to a significant increase in transverse abdominis activation compared to the superficial strengthening intervention that actually led to a slight decrease in activation after the intervention.30 The segmental stabilization intervention also significantly improved pain and disability more than the latter intervention.30 These results suggest that exercises that target superficial core muscles may not necessarily improve activation of deep core musculature, as depicted by Teyhen et al., and there may be an association between increased activation of deep core musculature and improved pain and function. 
	An 8-month CSE program led to a significant increase in lumbar multifidus cross-sectional area in both healthy women and women with CLBP.31 Exercises included supine bridging and extremity movements in various positions while maintaining neutral spine position and were performed twice per week for 45 minutes each.31 Another study did not find particular advantages for a CSE intervention. Similar thickness of the obliques and transverse abdominis was found after both a CSE intervention and general exercise intervention in subjects with non-specific CLBP.32 The interventions only significantly differed in right rectus abdominis thickness.32 The CSE focused on contracting deep core musculature while performing other tasks while the general exercise intervention focused on activating paraspinals and superficial abdominal muscles.32
These studies in general indicate value in several core exercises in improving deep core activation and possibly subsequently improving pain and other outcomes. The ADIM seems to be the most crucial component in activating transverse abdominis, so any interventions attempting this activation should likely include maintaining ADIM during the exercises. Supine bridge, bird dog, and forward and side plank seem to also be particularly effective and have been included in many of the studies demonstrating positive results in this paper.  
Overall, it appears that CSE interventions produce similar benefits as general exercise interventions for treating non-specific CLBP. At the most, CSE interventions have been shown to inconsistently produce better effects in the short term, typically related to pain and function. Still, the advantages may not be clinically meaningful. Less research generally appears available for specific lumbar pathologies. Due to this limited amount of research, strong conclusions cannot be established on the effectiveness of CSE on the specific pathologies, although some positive results could be expected. In the above studies, CSE was most commonly compared to general exercises or control groups but not to other conservative or surgical treatments. It would be interesting to observe results from other direct comparisons, particularly with surgical treatment as surgery would induce greater costs and resources. 
There is no optimal or “gold standard” CSE program, and the above studies have used a variety of methods to implement CSE, including body weight, exercise balls, specialized equipment, and aquatic therapy, although most of the interventions used similar approaches and progressions. Sessions would often start by focusing on isolated activation of deep core musculature and then progress to changing positions or moving extremities and lastly to more functional movements while maintaining deep core activation. Most of the interventions were of relatively short duration of no more than a couple of months and long-term follow-ups were rarely performed, and when performed, did not produce particularly beneficial results. 
	Akuthota et al. provided a clear summary of principles for a CSE program that seem to be incorporated in many of the interventions discussed in this paper.5 The authors provide a succinct example CSE program that is included in Appendix D. The authors emphasize maintaining neutral spine position and diaphragmatic breathing as well as abdominal bracing during exercises.5 Unstable surfaces and the use of exercise balls and other equipment can be used in progressions, but heavy resistance on the lumbar extensors should be avoided.5 Many of these exercises are similar to the ones that demonstrated significant core activation in the Teyhen et al. study. The exercises in the program can certainly guide the creation of a potentially effective CSE intervention. 
Ultimately, CSE and general exercise interventions may both lead to similarly positive outcomes, such as improved pain and function, in patients with back conditions or back pain. None of the studies or reviews noted adverse effects or events from the CSE or general exercise interventions, so since both interventions are likely to produce similar results, patient and physical therapist preference or the presence of additional impairments, such as lumbar instability or co-morbidities, may guide clinical decisions. At the very least, core exercises should certainly be considered when structuring a therapeutic exercise program, as core musculature seem to have a valuable role in improving outcomes in individuals with lumbar pathologies or non-specific CLBP.



Appendix A – Anatomy of Selected Core Musculature

Figure 1: Overview of Abdominal Wall musculature. From deepest to most superficial: transverse abdominis, rectus abdominis, internal oblique, external oblique. Image reprinted from medcaretips.33
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Figure 2: External Oblique muscle. Image reprinted from physio-pedia.34
[image: https://www.physio-pedia.com/images/6/6c/Gray392_external_abd_obliques.png]

Figure 3: Internal Oblique muscle. Image reprinted from physio-pedia.34
[image: https://www.physio-pedia.com/images/b/b6/Fascia.png]

Figure 4: Rectus Abdominis muscle. Image reprinted from physio-pedia.34
[image: https://www.physio-pedia.com/images/9/95/Rectus_abdominis.png]





Figure 5: Transverse Abdominis muscle (highlighted in light red). Image reprinted from physio-pedia.34
[image: https://www.physio-pedia.com/images/d/d5/Transversus_abdominis.png]

Figure 6: Erector spinae (from lateral to medial: iliocostalis, longissimus, spinalis) and Lumbar Multifidus muscles. Image reprinted from Emory.35
[image: http://www.emory.edu/ANATOMY/AnatomyManual/fig12.jpg]














Appendix B – Core Stability Tests  

Table 1: List of several core stability tests. Reprinted from Akuthota et al.5
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Appendix C – Description and Core Activation of Common Core Stability Exercises

Figure 1: Description of Common Core Stabilization Exercises. Reprinted from article by Teyhen et al.28
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Figure 2: Activation of Transverse Abdominis and Internal Oblique During Core Stabilization Exercises. Reprinted from article by Teyhen et al.28 
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Appendix D – Core Stabilization Exercise Program Example 

Table 1: Example structure and characteristics of a core stabilization exercise program. Reprinted from article by Akuthota et al.5
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TABLE 1. Measuring core suabily: the core score

1. Prone insabilty est

2. Prone extension endurance test (Biering-Sorenson paraspinal
endurance strength)

Side bridge endurance test (quadratus lmborum endurance strength)
. Pelvic brdging,

L lowering test (lower abdominal srength)

Tounk curl

. Hip extemal rotation strength

. Modified Trendelenburg test (single leg squat with observation
infronal plane)

9. Single g squat in sagical planc
10. Single leg squat in transverse plane
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Starting posion (FIGURE AL): The subject was supire i the standardsit-

up postion,knees bentat 90", wth hands foded across te chest.

Exercise instrctions
(FIGURE AL):On the
command “Begin ex-
ercise the subects
were instrcted to
“fake 2 breath nand
after you exhale pull
your belly buton in
and back” towards
their spine

Abdominal Crunch

o

FGURE AL Startand nd poson o the bdorind
rawingin maneuver and th startpostionfor he
abdomind cunch.

Starting posiion (FIGURE AL): The subject was supire i th standard sit-
up postion, knees bentat 90%, and hands fokded across e chest.

Exercse instrctions
(FIGURE A2): Onthe
command _ “begin
exercise,” the sub-
Jects contracted the
abdominal musces
by drawing the belly
buton inwards (to-
ward thespin),then

FIGURE A2.£0d postonfor e 2bdomea crunch

raised the head and shoulder upwards ur the shouder blades cleared
the table. Subjcts held his position until {0 to eturn to the starting

poston.

Abdominal Si-Back
Starting _position
(FIGURE A3): The
subject_started in
the “up” position of
the standard situp,
with the arms folded
across the chest and
the feet secured to
the piinth

Exercse nstructions
(FIGURE Ad): On
the command *Be-

FIGURE A3.Lr positon for e abdomial
sitback

by drawing the belly
button inwards (to-
iy | Oyl |
lightly felt the wedge

‘Quadruped Opposite Upper and Lower Extrmiy Lift
Starting  postion
(FIGURE A5): The
subject was on the

hands and knees
with back flat while
ooking forward.

Becise instuctons
(FIGURE_A6): O
the command “Be-
#n eerise? sub-
Jects contracled the | AGURE AR St posten b the quairpes
abdominal muscles | copaste uppr andlows ety .
by drawing the belly
button inwards. (o
ward the spine), then
Sowy raise te et
upper extrnily and
vt lowe esrmity
uni they were hor
o0t with the tunk
They maintsined 3 | RGURE AB Endposion or the quairped
strigh line withthe | cpcuteuperandlowes ety bt
rurk, upper extrem-

iy, and ower ety whie aviding trurk oaton nd o allwirg the
backtosag. Subjects held 1 psiton nt todto retum o the tarig
positon.
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‘Supine Lower Extremity Extender
Starting postion (FIGURE A7): The subjectwas supine wth the hips and
Kaees bent at 90°,
and hands fokled
across the chest. A
sphygmomanometer
cuff (o shown) pre-
inflated to 40 mmHg
was placed under the
lower back to help
ensure proper pos-
tion throughout the

FIGURE A7. Sart postion forthe spie ower
ety exendec

sub-
Jects contractd the abdorminal muscles by drawinghe bel button inwards
(toward the spine), and siowly lowered ther feeturi they ightly touched

Bercise instructions (FIGURE AB): O the command ‘Beginereciss

the table. Subjects
held this positon un-
iltoldto rturn tothe

stating pasitn.

e

FIGURE AB. End postion fr tesupie owe
ety exendec

Additional_instruc-
tions: When perform-
ing_this_exercise,
subjects mairtained
a neutral spine posture, which was moritored by martairing contact be-
tween the lower back and a sphygmomanameter cuff(not pictured) prein-
fatedto 40 mmHg.

Horizntal Side Support
‘Sarting postion (IGURE A9):The subjec was onthe rightside, supparted
by the ebow, orearm,

and fist, and leeping
the lower extremities
Staight

Bercise instructons
(FIGURE ALO): O the
command of “begin
exercise” subjects
contacted theabdom-
nal muscles by draw-

FIGURE A9, Sart psiion o th horzontal e
support.

ing the bely butlon
inwards oward the
spire),fimly pressed
into the table with the L/
spporting arm, then

rassed the trunk and -
pelvs upwards. unti
they formed astaght
e with the lower
adremitis

<«

FIGURE ALD.E1d postion o the hozantalsie-
support.

Additional instructions: Subjects did not It the runk rotate forward or
backward,nor the hips move toward the rear.
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FIGURE 2. Thicknss o (contac et rat) mezsurements (na = D) f tansrsus bdoniis (1A) ard.
intenal ot (0) musces o each of th 6 s, A vl of 0 epreserts no change i musde hckress
romthe tarting poston Abrevations. C, abdomial crunc; ADM, abdonirl rawingin maneuwer; ASS,
‘abdomina it bac; HSS, horzona Sce-support;SLE. supin ower etemily xkender; QULL quadruped oppuste
upper and owe exremiy .
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TABLE 2. Example of an evidenced-based core sabilty program

General
 Go over anatomy of the core
 Active participation emphasized

Basic excrciss - solae core muscles in diflerent positions

@ Transversusabdominus (advance f able o perform 30 reps with
8 s hold)

o Abdominal bracing
 Baacing with heel dides
© Bacing with leg lfs
© Beacing with brdging
© Beacing in standing
© Bracing with sanding row
© Bracing with walking
‘® Paraspinalsmulfidi (sdvance if able t perorm 30 reps with § s hold)
& Quadruped arm lfs with bracing
 Quadruped leg lfs with bracing
 Quadruped altemate am and legs lfs with bracing

® Quadratus lumborurm and obliques (advance f sble o perform 30 reps
with § s hold)

o Side plank with knees flexed
 Side plank with knees extended
® Trunk cul

Facilitation techniques if necessry (pelvi floor contraction, visualiation,
‘palpation, Kentiying subsituion pattems lke pelvi tl, uliasound)

Progression
® Physicball
‘ Functional taining positons with actvation of core
 Build endurance

Compliance with home excrcise program





image1.jpeg




image2.png




image3.png




