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Table 1. Rank Order of Mean EMG during Exercises for Gluteus Medius and

Gluteus Maximus Muscles®

Exercise Gluteus Medius Exercise Gluteus Maximus
Side-lying hip abduc on 81 Single-limb squat 59
Single-limb squat 64 Single-limb deadli 59
Lateral band walk 61 Transverse lunge 49
Single-limb deadli 58 Forward lunge 44
Sideways hop 57 Sideways lunge 41
Transverse hop 48 Side-lying hip abduc on 39
Transverse lunge 48 Sideways hop 39
Forward hop 45 Clam in 60 hip exion 30
Forward lunge 42 Transverse hop 35
Clam in 30 hip exion 40 Forward hop 35
Sideways lunge 39 Clam in 30 hip exion 34
Clam in 60 hip exion 38 Lateral band walk 27
All values expressed as a % of MVIC.

Data reproduced from: Distefano LJ, Blackburn JT, Marshall SW, Padu DA. Gluteal muscle
ac va on during common therapeu c exercises. J Orthop Sports Phys Ther
2009;39(7):532-540.

3) gradual initiation of functional activities. During
this phase most restrictions have been lifted.

Range of motion should be fairly well established at
this time. If not, emphasis on motion should take
precedence so as to not end up with an arthrofi-
brotic knee. Higher grade mobilizations and gentle
overpressure to end ranges should be instituted to
normalize the arthrokinematics of knee flexion and
extension.

Exercises for strengthening in phase II can include
a progression of squats by adding weight or adding
proprioceptive component by squatting on balance
board (Figure 12). Other closed chain exercises can
include lunges starting on level ground and progress-
ing to lunging to labile surface. Leg press exercises
should be performed both bilaterally (Figure 13)
and unilaterally to ensure adequate stimulus to the
post-surgical knee. Lateral band walking places sig-
nificant load on the hip musculature and is a great
exercise to progress proximal hip dynamic stability
and control (Figure 14).

Other hip exercises that are effective at strengthen-
ing at this time are single leg bridge (Figure 15) and
hip hiking (Figure 16 A and B). Balance and proprio-
ceptive exercises provide training for a stable base for
the rest of the body to move from. The importance
of'balance and proprioception in athletics cannot be
denied. An attempt to regain lost proprioception,

Figure 12. Performance of squat exercise on a balance board
providing not only lower extremity strengthening but also a pro-
prioceptive and balance training effect.

regaining dynamic stability and neuromuscular con-
trol should be a priority. Neuromuscular training
improves the nervous systems ability to generate
optimal and fast muscle firing patterns, increases
dynamic joint stability, and decreases joint reac-
tion forces, which allows the muscles surrounding
the joint to achieve a state of “readiness” to respond
to joint forces and stimulus resulting in enhanced
motor control.® Early forms of balance training can
begin in partial weight bearing progressing to full
weight bearing. These can occur as weight shifting
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Figure 13. Squatting on a leg press can increase the tolerable
load in a controlled fashion.

Figure 14. Lateral band walking provides a method of incor-
porating additional strengthening effect to the hip abductors
which are important proximal stabilizers to the leg and improves
knee control.

in all directions. Squatting on a balance board or
foam pad can help challenge balance and proprio-
ception. Ultimately single-leg balance exercises can
be done by applying a light perturbation or by using
distractive elements such as throwing and catching
a ball while balancing. In this manner perturbation
training is done to induce dynamic knee stability
allowing patients to develop their own compensa-
tion strategies to maintain stability.?

Single-leg exercises can begin including single-
leg squats. These should be assessed critically as

Figure 15. Hip abductors are recruited highly with the lateral
band walking drill.

Figure 16. A. Hip hike in the down position, B. Hip hike in the
up position.
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compensations can occur. These compensations
generally result in increased hip adduction, inter-
nal rotation and tibial abduction. These can be seen
subjectively when performing a single-leg squat
with poor control (Figure 17A). At times this can be
improved through strengthening exercises however
visual and verbal cues may help improve poor pos-
tural control (Figure 17B). The clinical milestones
for the moderate protection phase are to maintain
previous milestones and to have full strength of hip,
quadriceps and hamstrings. These milestones are
important to be able to tolerate higher level activi-
ties in the minimum protection phase.

Figure 17. A. Single-leg squat can be performed to examine
more functional movement patterns of the entire lower extrem-
ity. A) The patient demonstrates poor frontal, transverse and
sagittal control. B) improved control is assisted by visualization
in front of mirror and verbal cues.

PHASE III: MINIMUM PROTECTION PHASE
(WEEKS 13-16)

The minimum protection phase has the shortest
time frame, which lasts from 13 to 16 weeks. The
primary goals of this phase are to gradually return
the athlete to functional activities.

To allow a gradual return to functional and ath-
letic activities the involved knee has to have loads
gradually applied up to that of the level needed to
perform these higher functional activities such
as running and jumping. This can be achieved by
ensuring adequate strength through increased resis-
tance and intensity during previous exercises such
as squats, lunges, and leg press. Plyometric activities
can begin with small bounding bilaterally such as
double- leg jumping in place or double- leg jump-
ing across multiple planes (Figure 18). Lateral and
medial bounding can also be initiated which places
specific stressors to the medial and lateral knee. Pro-
gressions of jumping/hopping should always start
bilateral (jumping) and progressing to unilateral
(hopping). Progressions to single-leg hopping are
initiated in the next phase.

Clinical milestones to move into phase IV include
all the prior milestones in addition to confidence in
knee.

PHASE IV: RETURN TO ACTIVITY (WEEKS
17-21 +)

Goals for the return to activity phase include 1) pro-
gression of functional activities, 2) full return to all

Figure 18. Bilateral jumping without pain or symptoms.
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prior sports or recreational activities. In this goal
the athlete is challenged at even higher levels of
lower leg stressors that will determine if they are
able to return to their prior sporting activities. This
level may not be utilized for every patient. Not all
patients that have MPFL reconstruction are higher-
level athletes. If they do not desire or require this
level of activity they would not be required to be
rehabilitated to this level.

Once the athlete is comfortable with bilateral jump-
ing they can attempt unilateral single-leg hopping
on one foot. To start, it may be best to hop off of sin-
gle affected side and landing on the unaffected side.
Athletes following knee surgery are usually more
able to hop from the surgical leg concentrically, but
more concerned or afraid when asked to land eccen-
trically on the affected single-leg. Functional drills
or activities such as sidestepping, ladder drills, or
carioca can be done in a controlled manner to work
on neuromuscular control. It is also at this last stage
that the athlete can begin interval type programs
such as return to running program.

DISCHARGE AND FULL RETURN TO
COMPETITION

Discharge and full release and return to competitive
sports is based on criteria that include: full range of
motion, full strength and ability to achieve norms
on standardized functional tests. The single leg
step down test should be able to be performed with
good form.* This test is performed with the patient
standing near the edge of a 20cm step. The patient
is asked to place hands on hips and flex the test
knee enough to touch the floor gently with opposite
extremity. Five repetitions are scored by giving a
single point for 1) using arms to maintain balance, 2)
trunk lean either medial or lateral, 3) pelvis rotation
or elevation, 4) tibial tubercle moving medial to 2
toe, 5) unsteady unilateral stance; while two points
are given for the tibial tubercle moving medial to
the foot. A good score is needed to return to sports.
A good quality score is 0-1 point, medium quality is
2-3 points, and poor quality is 4+ points. The step
down test has been shown to have good interrater
reliability and has the ability to differentiate those
with moderate quality of movement (those with less
hip abduction strength and decreased quadriceps

flexibility) compared to those with good movement
qualities.®®

Additionally, jumping and hopping tests are used.
Criteria to be released for return to sports are for the
athlete to be able to jump with both legs together
horizontally 100% of height for males and 90% of
height for females. Single-leg hop distances should
be 90% of height for males and 80% of height for
females. These are standardized norms for healthy
non injured populations.?

Nomura and colleagues® followed 24 knees with
after MPFL reconstruction for a mean follow-up of
11.9 years. Using the Crosby/Insall criteria and Kell-
gren/Lawrence grading systems and found that the
association of knee osteoarthritis following MPFL
reconstruction with or without a lateral release
was small over the long-term. This is important as
other surgical treatments such as proximal or distal
realignments has been proven to be associated with
osteoarthritis as early as 10 years following the pro-
cedure.” Furthermore, Lippacher and colleagues
found that of those who participated in sports prior
to MPFL reconstruction, 100% returned to sports.”
Fifty-three percent returned to equal or higher lev-
els, whereas 47% returned at lower levels. In those
that returned to lower levels of athletics numer-
ous reasons were cited including physical reasons
such as decreased knee function and desire to avoid
excessive sports after surgery, but also more psycho-
logical reasons too such as lack of time or interest
and the fact that they were advised to be aware of
the risks of high-pivot sports such as soccer.

PATIENT REPORTED OUTCOMES

Patient reported outcomes are instruments and
rating scales used to measure outcomes from the
patient’s perspective. These outcomes may at times
be very different from our clinical objective mea-
sures. These outcome tools examine many facets of
knee health including swelling, giving way, pain and
ability to function in activities of daily living. The
authors of this manuscript recommend several fol-
lowing MPFL reconstruction. The Activities of Daily
Living Scale® and the Sports Activity Scale® are both
knee specific. The Sports Activity Scale have ques-
tions more related to higher levels of physical activ-
ity that are pertinent in active populations.
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CONCLUSIONS

The science behind MPFL reconstruction and the
ensuing rehabilitating continue to evolve as more
evidence becomes available. The suggested proto-
col will help guide the patient to full recovery to
sports and/or recreational activities without com-
plications. An early emphasis on range of motion
followed by a progression of strengthening exercises
allows adequate incorporation of the soft tissue graft
to the bony structures utilized during this recon-
struction. Clinical milestones have been described
to demonstrate when movement to the next phase
is to be performed. MPFL reconstruction has been
shown to have good results with low risk for major
complications. As the surgery and the understand-
ing of the MPFL continue to evolve so will the reha-
bilitation that follows. At present, clinicians must
respect the soft healing tissue constraints but not at
the expense of stiffness. Certainly higher levels of
clinical research with longer follow up are needed
to fully investigate the outcomes following this
procedure.
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