The Spine Lab 
Skills List
Exam Techniques
Locate the following anatomical landmarks and their clinical significance
Spinal segments and corresponding landmarks – NOT TESTED
C7 Vertebra 
T3 Vertebra
T7 Vertebra
T12 Vertebra 
L4 Vertebra
S2 Vertebra
Pelvis landmarks – NOT TESTED 
Iliac Crest
Anterior Superior Iliac Spine (ASIS)
Posterior Superior Iliac Spine (PSIS)
Greater Trochanter of the Femur
Demonstrate and describe assessment of spinal posture in the frontal and transverse planes. Assess pelvic table, gross rotation, and erector spinae mass. What do these findings tell you?
Demonstrate and describe assessment of spinal posture in the sagittal plane.
Why do we care about even minor imbalances? What are some shortening/elongating functional and structural variations that we may observe? 
Describe the clinical significance of the following tests: flexion, extension, and quadrant testing. What structures are under tension? What structures are under compression?
Movement Analysis
How does leg length discrepancy impact the spine in the frontal and transverse planes? 
Evolutionary Mismatch 
Describe the sagittal plane curvature of the spine and the reason for this evolutionary adaptation. 
Describe the tension-compression relationship of spinal anatomy, both in terms of our evolutionary past and how we function in modern day society.
What is the biological aspect of the evolutionary mismatch of the spine? What is the cultural aspect of the evolutionary mismatch of the spine?
Intervention/Treatment
Demonstrate how to use the inversion table and describe why traction is beneficial for certain spinal dysfunction. 
What are 2-3 ways in which we adjust exercise to maximize strength in the lower extremities and minimize risk of injury to the spine?
 Demonstrate and describe ideal sumo squat form. Why could someone lift more weight with a back squat than a sumo squat?
What is the functional purpose of spinal stability? Describe neutral spine and how you could coach it. 
Demonstrate and describe 2 exercises that, while not functional, can be employed to train lumbopelvic dissociation and build baseline strength. 
Dynamic Prone and Supine Prank Position
Supine straight leg bridge

Exercise List (with an intern): 
Practice setting-up and performing these exercises, and consider the following:
What muscles are targeted? 
When might you include these exercises in your intervention approach? 
How could you modify these exercises to make them easier, or more difficult?
What are some common movement errors or compensation patterns you might see?

Standing plank variations
Erector spinae standing plank	
Pallof Press
Core Twist

If time... Non-functional exercises to train coordination and strength:
Dynamic Prone and Supine Prank Position
Supine straight leg bridge
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[bookmark: _sz7lbzdjp0y]Exam Techniques
Locate the following anatomical landmarks and their clinical significance, if any.
Spinal segments and corresponding landmarks – NOT TESTED
C7 Vertebra: cervical prominence
T3 Vertebra: located at the level of the scapular spine when the arms are at the sides
T7 Vertebra: typically aligns with the inferior angle of the scapula
T12 Vertebra: located at the level of the 12th rib, marking the transition from the thoracic to the lumbar spine
L4 Vertebra: commonly aligns with the top of the iliac crests
S2 Vertebra: The sacral spine landmark, usually found at the level of the posterior superior iliac spines (PSIS).
Pelvis landmarks – NOT TESTED
Iliac Crest: The superior, curved border of the ilium. Used to assess pelvic alignment and as a reference for identifying L4 vertebrae.
Anterior Superior Iliac Spine (ASIS): The front protrusion of the iliac crest. Important to assess pelvic tilt and leg length discrepancies.
Posterior Superior Iliac Spine (PSIS): Located at the back of the iliac crest, it typically forms visible dimples on the lower back and is used to evaluate pelvic tilt.
Greater Trochanter of the Femur: Although part of the femur, the GT is crucial landmark for the hip joint and pelvis. This is a bony prominence found laterally on the proximal end of the femur. The glute medius is an important muscle that attaches to this site. 
Demonstrate and describe assessment of spinal posture in the frontal and transverse planes. 
First check if the pelvic table is level 
Client position: barefoot, feet together, knees extended, and heels aligned. Tester position: posterior to client, rest the web of your hand to on the iliac crests to assess if one side is higher than the other. 
This skill is subject to examiner error, so the following sequence of testing will strengthen findings. Keep in mind, none of the patterned findings are perfect, but frequently, they shed light on underlying structural or functional faults. 
Would we expect a lumbar spinal concavity to face the shorter or taller side? Why?
We would expect a lumbar spinal concavity to face the taller side. This is because the sacrum and adjacent lumbar segments attach to the pelvis at a perpendicular angle. To maintain an orientation to gravity, superior spinal segments curve in response, creating a concavity. 
What steps could we take to strengthen this finding?
Check gross spinal rotation and erector spinae muscle mass. 
Check gross spinal rotation
Stand behind client and block pelvis from rotating. Clients should first give themselves a hug, then instruct them to turn as far in one direction as possible. 
If turning over the R shoulder, your hand should block the R posterior pelvis and the left anterior pelvis. 
Note how much of their eyes you can see and ask them the same, “how much of me can you see?” Additionally, you can have them close the eye closest to you and see if they are still able to see you with the opposite eye. 
Repeat in the opposite direction and compare.
Increased rotation is frequently observed towards the higher side and frequently concave side. This is due to the coupling pattern of the spinal joint segments. When referring to the low back, side bend towards a side is naturally coupled with rotation away from the side.  If the starting position of the spine is held in non-functional side bending (aka concavity) on the R, because it is starting in mild L rotation (due to the coupling pattern of the facets) then the motion available into rotation towards the R is going to be relatively greater. 
Party trick – you can equalize rotation side to side by inserting a heel lift under the shorter limb and repeating the test. 
Compare ES muscle mass between sides
Have client bend forward and assess if muscles on one side of the spine are equal. This should be done visually by getting to eye level and tactilely by feeling across with spine with and without your eyes closed. 
Unequal mass suggests forces are impacting the lower extremity (LE) and core musculature unequally. Why?
Excessive development of ES musculature on one side may indicate a compensatory pattern likely due to the opposite side glute medius weakness. 
[bookmark: _Int_s3iW1JGY][bookmark: _Int_u1ZUQlZc]This increased muscle mass is frequently observed on the shorter limb. e.g. Case: L pelvis high, R pelvis low. When in L leg stance, maintaining a level pelvis through activation of the glute medius is challenging because there is a great external moment arm on the taller side. Instead of increasing activation of the gluteus medius, the body recruits the erector spinae muscles on the R side that attach to the pelvis to help lift the R pelvis when against gravitational forces. Over time, this muscle group hypertrophies relative to the opposite side. 
Assess shoulder position
Assess anteriorly and posteriorly using the acromion as the landmark to see if the shoulders are level. Make sure the LE alignment is appropriate and not throwing off the results
Demonstrate and describe assessment of spinal posture in the sagittal plane. 
Looking from the sagittal plane, you can have the client line up with their heels, butt, thoracic spine against a wall. Assess curvature in this position. 
Examine the lumbar lordosis for normalcy, reduction, or excess. Evaluate the thoracic and cervical spine, expecting thoracic kyphosis followed by cervical lordosis.
Consider head positioning relative to the body to assess normal sagittal plane posture. Forward head posture may indicate excessive thoracic kyphosis and cervical lordosis. The ears/tragus should align with the acromion. 
Why do we care about even minor imbalances? What are some shortening/elongating functional and structural variations that we may observe?
These discrepancies can impact joint loading, muscle performance, single leg function, and have consequences throughout the kinetic chain.
Note: these are both structural causes of a higher/lower pelvic table or a functional compensation of a higher/lower pelvic table
	Higher Pelvic table
	Lower Pelvic table

	Excessive hip anteversion
	Hip retroversion

	Anatomically longer LE
	Anatomically shorter LE

	Excessive arch supination
	Excessive arch pronation

	Coxa valgus
	Coxa varus

	Joint Replacement
	Genu recurvatum 

	
	Knee flexion contracture

	 
	Unilateral Knee or Hip OA 

	
	Knee Varus or Valgus



Demonstrate evaluation of sustained position testing in flexion, extension, and quadrant testing. Describe their clinical significance.
Sustained Flexion 
Sustained flexion can be tested in many different positions (seated, standing, child’s pose, or supine for the cervical spine). Make sure you are documenting the testing position. Time the hold duration--1 minute may be appropriate, but more or less time should be added depending on individual cases. 
This position produces compression anteriorly and tension posteriorly.
Clinical significance: pain or symptom reproduction in this posture may indicate disc imbalance when the disc is moving towards the direction of tension in the spine. Symptoms with flexion-based loading of the spine help dictate a plan of care that may favor extension. If pain improves, it could indicate stenosis or forminal narrowing that is responding well to the space opening. 
Look for symptoms that centralize (improve) or peripheralize (worsen) during the test.
Sustained Extension:
Sustained extension can be tested in standing or prone. Make sure you are documenting the testing position. Time the hold duration--1 minute may be appropriate, but more or less time should be added depending on individual cases. 
This position produces compression posteriorly and tension anteriorly.
Clinical significance: pain or symptom reproduction in this posture may indicate narrowing of nerve root space or compression to the facet joints.  Symptoms with extension-based loading of the spine help dictate a plan of care that may favor flexion. If pain improves, it could indicate disc recession that results in pressure away from the nerve. 
Look for symptoms that centralize (improve) or peripheralize (worsen) during the test.
Quadrant Testing:
Perform test with client standing on a single limb. If the client is unable to assume the recommended test position, it can be modified to double limb stance or seated. Assess for foraminal narrowing in the lumbar spine by directing them into ipsilateral side bend, ipsilateral rotation, and extension. This position maximally closes the foramen. 
A positive test is reproduction of symptoms on the side you are testing (note: symptoms on the opposite side may suggest symptoms are not due to foramen narrowing).
Clinical significance: positive tests may indicate facet joint pathology, stenotic changes in the lateral foramina, or disc desiccation/arthritis. 
Movement Analysis
How does leg length discrepancy impact the spine in the frontal and transverse planes?
Frontal Plane Compensations:
A functionally longer leg causes the pelvis to tilt (with a downward slope toward the lower leg) shifting the spine off-center, which requires compensatory curvature to bring the COM symmetrically between the BOS. The compensation results in a recurve (concavity) of the spine towards the tall side.
Due to this COM shift, it tends to be more challenging to stabilize the frontal plane on the taller side. Common movement faults include:
Ipsilateral trunk lean over the stance phase leg
Contralateral pelvic drop on the opposite limb when in single leg stance. 
How could these movement faults impact spinal pathologies?
Compression injuries such as stenosis, facet joint arthritis on the taller, typically concave, side is more common. 
Transverse Plane Compensations:
A functional or anatomical leg length discrepancy can also result in transverse plane compensations. This is again, due to the COM shift away from the taller limb making it hard to stabilize on a single leg. Some examples include:
Increased trunk rotation or arm swing towards the stance phase leg. This compensation is effective because it brings the COM closer to the BOS by rotating towards the stance phase limb. Excess trunk rotation can lead to spinal pathologies such as spondylolisthesis and instability. 
ER of the femur in the pelvis to functionally shorten the taller limb could lead to suboptimal joint and tissue loading. 
IR of the femur in the pelvis to functionally elongate the shorter limb could lead to suboptimal joint and tissue loading. 
Limited hip motion can lead to excessive transverse plane motion and spinal pathologies like spondylolisthesis 
Evolutionary Mismatch 
Describe the sagittal plane view of the spine and the reason for this evolutionary adaptation
Homo sapiens have an S-shape curvature to our spines in the sagittal plane to allow for upright posture and placing the COM within the BOS during bipedal gait. Primates, on the other hand, have one C curve which makes bipedal gait difficult due to the COM positioned anteriorly to the BOS. 
Describe the tension-compression relationship of spinal anatomy, both in terms of our evolutionary past and how we function in modern day society.  
Our spinal structures adapted under mostly tensile forces anteriorly and compressive forces posteriorly due to quadrupedal positioning. Modern day function is defined my prolonged sitting/lumbar flexion, which promotes the opposite tension-compression relationship with tension posteriorly and compression anteriorly. 
Therefore, viscous intervertebral discs are vulnerable to flexion forces. Adding excessive loads to these spinal structures when the spine is flexed forward (like during a weighted back squat) exacerbates these forces.
What is the biological aspect of the evolutionary mismatch of the spine? What is the cultural aspect of the evolutionary mismatch of the spine?
Biological – In quadrupedal gait, compressive forces present posteriorly while tensile forces present anteriorly. As a result, tissue structures in the anterior portion, including the anterior longitudinal ligament and the annular fibers of the disc, developed to be more robust than the posterior equivalent tissue. As we function with the opposite tension-compression relationship in many everyday modern tasks, the design of these retained anatomical features from our evolutionary past can lead to increased injury risk and spinal dysfunction. 
Cultural – Industrial Revolution resulted in decreased movement and laborious work. Agricultural Revolution resulted in calorie abundance, contributing to excessive body mass indices. Furthermore, modern day society promotes prolonged lumbar flexion via sitting, sedentary lifestyle, and traditional strength training approaches that exacerbates impact on spinal health. 
Intervention/Treatment
Demonstrate how to use the inversion table and why traction is beneficial for certain spinal dysfunction.
Inversion tables provide intervertebral spinal traction and are effective for stretching and increasing intervertebral spaces, improving symptoms of nerve root compression due to spinal stenosis or disc herniation. However, traction from inversion may be contraindicated in the case of severe spinal instability.
What are 2-3 ways in which we adjust exercise to maximize strength in the lower extremities and minimize risk of injury to the spine? 
Coach and ensure neutral spine is maintained throughout exercise.
Avoid excessive loading in hip hinge postures to ensure spine is being loaded evenly and to prevent spinal extensors from experiencing stress that they are unable to attenuate.
Increase challenge to lower extremities via single leg functional exercises which limit maximal load due to the increased stability required. 
Demonstrate and describe ideal sumo squat form. Why could someone lift more weight with a back squat than a sumo squat?
Squat Technique
Emphasize front squats with a wide base of support as opposed to a back squat with a hip hinge to maintain spinal neutral and reduce injury risk associated with loaded lumbar flexion.
Sumo squat preferred over a standard hip hinge squat to avoid contact with the ilioinguinal ligament and subsequent lumbar flexion.
Back squats with a hip hinge recruit back extensor musculature, demanding more from back extensors than they are designed to manage.
What is the functional purpose of spinal stability? Describe neutral spine and how you could coach it. Demonstrate and describe 2 exercises that promote spinal stability in a functional way.  
Spinal stability: the ability of the spine under to limit the degree of displacement when the body encounters perturbation forces in order to protect surrounding tissues and prevent structural damage. 
To identify neutral spine, instruct client to maximally posterior pelvic tilt and then maximally anterior pelvic tilt using the core muscles to do so. Neutral spine is the position in between these end ranges. Use tactile cues if the client is struggling to perform. There should be adequate lumbopelvic dissociation. 
Tip: learning this motion without compensatory strategies such as activating the glutes to posterior tilt rather than the core or using trunk and femur position to induce pelvic rotation, can be hard for many. Trying to achieve this in a gravity-assisted position such as cat-camel or in a plank position could help. 
Standing Plank – Functional Core Stability
Evaluate and instruct spinal stability in standing plank form with a resistance band under armpits and providing a backwards pull on the body. Throughout this exercise, your ankles, hips, and shoulders should be stacked up on top of one another. You are maintaining neutral spinal posture.
Standing forward plank exercise variations
As the band tries to pull you backwards, contract the abdominal musculature to counteract that force.
Variations may include standing plank with-arm raise, alternating arms, band pull-down, ball toss, adding perturbations, etc.
Erector spinae standing plank	
As the band tries to pull you forwards, contract the posterior core musculature to counteract that force.
Pallof Press
Face sideways, grab the end of the resistance band and step away from the frame so that there is tension on the band. This band should be applying a rotational force by pulling you towards the frame. Oblique muscles and other core stabilizer will engage to resist the rotational pull from the band.
From a sagittal view, you should observe the maintenance of neutral alignment and not favoring an anterior or posterior pelvic tilt position.
If you add trunk rotation against the band's resistance, you should observe adequate pelvic lumbar dissociation evident through the ability to keep hips facing forward while rotating around the stable base.
Core Twist 
Face forwards and grab the end of the resistance band with one hand. As one hand pressed out, the other hand pulls back creating a rotational force at the core. 
Demonstrate and describe 2 exercises that while not functional, can be employed to train lumbopelvic dissociation and build baseline strength.  
Dynamic Prone and Supine Plank Position
Prone and Supine plank variations are less functional because we generally move about the world in upright standing posture, however, there is still value in terms of evaluation techniques and building baseline strength without being as technical with positional feedback. 
Plank on hands or elbows
Attempt alternating between posterior and anterior pelvic tilt when in a plank position. Lumbopelvic dissociation is key as well as driving this motion with the abdominal muscles and not the glutes. 
Supine straight leg bridge 
Performing a bridge with the knees completely extended/straight requires the ES, rather than the glutes or hamstrings, to drive the motion. 
This motion is made more dynamic and functional if you add heel taps at the upward phase because it requires the ability to maintain a level pelvis despite a rotational force to the core caused by gravity.









Exercise List (with an intern): 
Practice setting-up and performing these exercises, and consider the following:
What muscles are targeted? 
When might you include these exercises in your intervention approach? 
How could you modify these exercises to make them easier, or more difficult?
What are some common movement errors or compensation patterns you might see?

1. Standing plank variations
2. Erector spinae standing plank	
3. Pallof Press
4. Core Twist

If time... Non-functional exercises to train coordination and strength:
1. Dynamic Prone and Supine Prank Position
2. Supine straight leg bridge

