SQUAT PATTERN FAULT AND CORRECTION: A SYSTEMATIC APPROACH
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Abstract

The spine is notably unstable when hip muscle coordination and endurance are not optimal (McGill
2002). Awareness of this might well influence the way practitioners think in relation to mobility and
functional outcome assessment for improvement when assessing the lumbar spine. Neutral spine
consciousness is a functional concept that might usefully be applied to daily life to avoid unwanted
flexion or extension that all too often damages passive structures of the spine. Neutral spine has been
defined as a state of equilibrium between the trunk flexors and extensors where little resistance is
offered by the passive spinal column (McGill 2001, Cholewicki et al. 1997, Panjabi 1992). However, poor
spinal control or motion is often blamed on poor postural or movement habits (Adams 2004, Comerford
et al. 2001, Lonn et al. 1999). This explanation may leave the patient and the practitioner little room for
corrective communication. In clinical practice, the gluteal group is often found to be underperforming in
relation to hip extension during daily actives (McGill 2006, James 2003). This may cause the patient to
have reduced confidence concerning the hips during simple or complex loading tasks. Because of this
the patient may lock their legs and flex their spine in order to complete specific tasks. This type of
flexion and loading has been attributed to nuclear (discal) displacement (McGill 2003, Callaghan et al.
1996). This review describes an organized approach to assessing, diagnosing, and correcting closed
chain squatting impairments.
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Introduction

Improving hip power, speed, and coordination is important when addressing lumbar spine issues (McGill
2007). A reduced range of motion around the hip may also be a cause of lower back pain (Van Dillen et
al. 2008, Van Dillen et al. 2007, McGill 2006, Esola 1996). In regards to pain, the lumbar spine seems to
respond better to endurance type training rather than strength type training (Taimela 1999). Therefore,
in training of the hip it may be beneficial to approach this early on from an endurance biased approach.

A primary goal when addressing mechanical lower back pain should be movement oriented. Meaning
that, the practitioner should address and attempt to correct any common faults of the patient when
assessing simple primary movements. Simple primary movements would be defined as squatting and
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lifting, pushing and pulling, twisting and torque, lunging, and gait.. Faults in these movements may be
responsible for many diffuse musculoskeletal pain syndromes today. Balance, in particular, has been
shown to be a leading predictor for future lumbar pain (Reeves et al. 2009, Brumagne 2008, Liebenson
1996).

Aside from traumatic insult, it has been shown that loading and unloading of the spine inappropriately
over time may result in lumbar spinal pain (McGill 2004) McGill and colleagues found that cadaver
spines being mechanically flexed for a period of ten to twenty thousand cycles became herniated (McGill
2004). In order to hold the spine into a neutral position during active motion, such as squatting, the
body must have proper biomechanical function. The ability to do so may reduce the patient’s symptoms.
Moreover, due to individual variations, the squat technique is not a static procedure. In other words,
conveying the squatting technique should vary per individual.

Gluteal Activation

It is suggested that patients should be assessed for major faults in the activation of the gluteal group
prior to any type of movement pattern correction or exercise program being introduced. Failure to do
so may result in suboptimal results or trauma to other bodily tissues (O’Sullivan 2005). The assessment
may be done through simple corrective movements that encourage a neutral spine during active hip
motion, this is termed “hip hinging” (Liebenson 2003). Gluteal firing can be assessed first by observation
and then by palpation. If the gluteals are able to fire in an appropriate and isolated manner then
correction may begin. If there is fault in patient’s gluteal activation, then this is noted as the first fault
and should be corrected before progressing into the flowchart sequence described in figure 1. Table 1.A
shows a simple yet effective method at correcting gluteal activation fault.

Kneeling Hip Hinge 1 12 Smooth symmetrical motion with no spinal motion permitted, light bracing

throughout motion (Liebenson 2007, McGill 2006).

Clam Shells 1 12 No spinal motion permitted, keep a light brace.

Back Bridges w/ Elastic Band 1 12 Tie Elastic band around knees and keep pressure on band during pelvic raise, again

no spinal motion is permitted (Hip Hinge).

Table 1.A (Needing Illustrations)

The patient should be observed during each movement to ensure that they are maintaining a neutral
spine by not permitting motion in the lumbar joints. Having the patient feel the spine in a neutral
position during the motions may allow for more efficient progress. After a few applications of the
movements described in the table above, the patient’s gluteal activation should be reassessed.

Single Leg vs. Double Leg Squatting

Although double leg squats have been shown with EMG to be superior for training the rectus femoris
(McGill, 2007) it seems single leg squats (SLS) show multiple advantages to double leg squats when
observing gluteal activation and functional outcomes. According to EMG studies (McGill, 2002) the
single leg squat activates the entire gluteal group at much less of a squatting angle. In other words,
when performing double leg squats the patient must squat at much lower levels to achieve similar
gluteal activation. Moreover, single leg squats are highly proprioceptive due to the balance required to



maintain the movement. During a single leg squat balance is of importance to regulate the upright
stance and precision of movement by the patient. From a functional viewpoint, the patient will spend
two-thirds of his gait cycle on one foot (Hammer 2007) therefore, precision of movement via balance is
important. In addition to, single leg squats may limit the amount of flexion occurring in the patient’s
spine thus reducing the risk for lower back injury. The mechanism by which extra flexion may occur
during a typical squat may be due to the limitation that a bilateral foot contact imposes on the hip
during a double leg squat.

Functionally the single leg squat may also outperform the double leg squat when looking at sporting
movements. For instance, a sprinter off the blocks will accelerate using a single leg push or consider the
long jumper who will push off with a single leg. Functionality is an important consideration when
assessing a patient participating in sport.

Squatting Observation

The squat pattern may be classified into three parts: the descending phase, the ascending phase, and a
static phase. The static phase makes up the pause at the end ranges of the ascending and descending
phases. During each phase the practitioner should observe the patient from the front (anterior), back
(posterior) and sides (lateral). This should be done systematically to ensure patient to patient reliability.
This section of the review describes what the practitioner should look for in regards to symmetry of
squatting from a lateral perspective. The faults of the squat and their correction will be addressed later
in the review.

During the entire motion it is suggested that the patient remain in a neutral spine so that minimal
flexion occurs through the lumbar spine. The descending phase when observed laterally should appear
as if the patient is dropping their hips at an angle of approximately 45 degrees (McGill 2006, Fry 2003).
The author finds it helpful to position the patient in order to have their hips 45 degrees from the point
where the wall meets the floor. In this position the practitioner may instruct the patient to “drop their
hips towards the junction of the wall and floor.” The practitioner may also begin by telling the patient to
drop the hips, “down and back.” The motion should appear symmetrical and there should be an
equidistant angle between the patients shoulder, hips, and knees. Any shifting in the patient as they
descend should be noted. The ascending phase when observed laterally should appear as a symmetrical
extension of the patient’s hips and knees. Again, any shifting or deviation in the patient during this
motion should be noted.

Muscle Assessment

When preparing the patient for any type of squatting activities the muscles of the patient much be
assessed to determine areas of over-activity or inhibition. Phasic muscles comprise muscles that are
primarily active with dynamic movement or locomotion, whereas, postural muscles are primarily to hold
the individual in a static upright position against the earth’s gravitational force (Chaitow 2006, Janda
1983). It will be found that often a patient’s phasic muscles are not as active (as described above) while
the postural muscles are over-active thus causing a perceived tightness. This may cause errors in the
squat mechanism and should be addressed before commencing a squat routine of any type.



Assessment of the anterior muscles includes the quadratus group, the hip flexor group, tibialis anterior,
and anterior abdominals (transverse abdominis and rectus abdominis). Assessment of the posterior and
lateral muscles includes the hamstrings, piriformis, gluteals, gastrocnemius, soleus, tensor fasciae latae,
and adductors. Muscle testing should be done to assess muscle shortness or weakness. Correction
should then take place in order to correct any muscular faults found. An example would be using a
muscle energy technique (MET) to relax any overactive muscle while using facilitation to stimulate an
underactive muscle (Chaitow 2006). Such activities are outside the scope of this paper.

Squat Motor Control Assessment and Correction: Flow Chart

The following flow chart provides an organized pathway by which the practitioner can approach
correcting and re-training an aberrant squatting pattern. This flowchart is to be attempted only after
the prior corrections have been made. Failure to do so may result is sub-optimal results or injury to the

patient.
Are the gluteals
properly activating?
Box1.A Bar LA

["\ Have the patientlay prone with their knees bent. Have
the patient "squeeze” the buttocks toghether.
Fault: If motion other than the gluteal group is noticed,
such asthe quadricepts group contracting similtansously.
Then correction must take place.

| Box1B

To correct, have the patient lie prone. Encourzge them
4 to feel the surface and imagine the surface underneath
Yes X their gluteals. Then have the patient slowlyand lightly,
% M No:Proceedto squeeze the glutealstogsther. Have themimagine they

Box1.B are trying to hold between their gluteals, something
& expensive thatthey don't dare todrop. Thishelpsfora
laugh which inthe authors opinion helps break tension

during 2 motionthat maybe painfully frustrating to

‘ convey.
Does the patient exibit
hamstring dominance? Box2.A
Box 2.A Because the hamstrings are not 2 prime mover during the
2 asceding phase of the double legged squat pattern (Isear
[ 1997) we mustacertainthat the patientis nothamstring

reliant for hipextension.. Assess by having the patient
lay supine wih the knzes bent andthe feetclose tothe
gluteals. Encourage the patientto brace inorder to best
stabilize theirspine (McGill 2006). Have the patient
\ perform a2 back bridge while palpating the hamstring
| \ roupsjust proximal tothe knee. If any activity isfelt,it
should be noted and corrected.

I Yes: Proceed to Box2.B
Box2.B To correct have the patient lay supine and perform a
m back brindge while the practitioner presses against the
Iateral aspectoftheir knees. Instructthe patient to brace

their abdominal wall and keep constant pressure agains

the practitioners hands while performing the back
bridge. Ifhamstrings still palpable during back bridging,
‘ use PNFto relax (Chaitow 2006}

Does the patient exibit Box3.A
% The lumbar spine may show areas of hypermability.
?
lumbarflexion? Box These are refered toas hinges and may be a common site
3.A of lumbar spinal pain (McGill, 2006). They will be
P 2pparent at the bottom of the descentphase of the
squat. A neutral spine will become flexed thus showing

A% Yes:Proceed to 2n area of uneveness. The practitioner may notice an
Box 3.B unusual poterior rotation of the pelvis at the point of
No: Continue to Squat spinal flexion.

Stance and Placement




Squat Placement and Trajectories Assessment and Correction: Flow Chart

The following flow chart provides an organized pathway by which the practitioner can diagnostically
correct and place the client during a squatting procedure. This flowchart is to be attempted only after
the prior corrections have been made. Failure to do so may result is sub-optimal results or injury to the

patient.

Box1.A
FootPlacement: Width The patientsfootwidth is determined by the widththatis
Box 1.A Y to avoid flexion (hinging) upon
squatting to a parallellevel. The ankle should be
‘ observed for any pronation. Pronation isoften a resultof
poor gluteal function.
\

FootPlacement: Angle Box1B
The patients footangle is determined by the trajectoryof

Box1.B the knee. Aline must be able to perfectly bisect through
the knee and dorsum of the foot during the entire squat
movement.

Ay

Knee Trajectory
Box1.C

Box1.C Knee trzjectory must remain relatively stable and must
not allow for medial drift. Moresover, the knees should
never passthe toes. In essence they mustremain
directlyoverthe medial malleolus. If medial drift
persists, facili ion by using p! the
knees and by using PNF onadductors. Often the knees
drift medially ifthe gluteals are underperforming
(Liebenson 2007)

Ay

Hip Trajectory BoeTD
Box1.D The patients hip trajectory should be around 40-45
degreesin z posterior inferior manner (McGill 2007). If
| trouble some baginthe patient ina short and shallow
range of motion. The use of cusing: verbally an
| ically should be incorp quality
prog i Iftrouble is i revertto the hip
hinge untilunderstood (Lizbenson 2007).

v Box1.E
_ - The patients spinal trajectory shouldbe in a neutraland
Spine Trajectory fixed position (McGill 2007, Lisbenson 2007). The patient
Box1.E may find the neutral spine by rocking the pelvis forward
and back until they feelthe erectorspinea relax. At this
point alight brace should be engaged tosecure the spine
during the squat motion (McGill 2007). Observe for
i ing the ing motion. The author notes
that clinically this may place extrastresson the facets
causing typical lumbar facet painreferral pattems.

Box1.F
Spine Trajectory The placement of the bar should be2slow on the trapsas
Box1.E possible to helpactivate the Iatissimus dorsi; thisin retum
provides extra stability tothe lumbar spinevia the
thoracodorsal fascia (McGill 2007). For functional
id: ionthe author her forms of non
linked wei; d h aweightvast, or
cables.
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