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Anterior Cruciate Ligament Injury:
Pre- and Postoperative Rehabilitation

By Joshua C. Dubin, DC, CSCS, CCSP

The anterior cruciate ligament
(ACL) is a tough fibrous struc-
ture that attaches the tibia
(lower leg bone) to the femur
(thigh bone) (Figure 1). This
ligament helps stabilize the
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knee by preventing excessive
forward movement of the tibia
on the femur. ACL injuries
commonly occur in athletes
participating in sports such
as football, basketball, soccer
and volleyball, in which move-
ments such as cutting, pivoting,
single-leg landing and rapid
decelerations are routinely
performed. Tearing of the ACL
is most commonly caused by
landing awkwardly, or cutting
on a fully extended or slightly
flexed leg with the foot turned
outward (Figure 2).

Figure 2

Skiers usually injure the ACL
when they catch the inside
edge of a ski on ice, causing
them to lose control and fall
backward as they hyperflex the
knee. The injured athlete may
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report hearing a “pop” and say
it felt as if the knee was being
stretched apart. Examination
of the knee may reveal exten-
sive swelling around the knee
joint, loss of full extension of
the knee and an in-
ability of the athlete
to bear weight on the
injured leg. Manual
testing may reveal ex-
cessive forward move-
ment of the tibia on
the femur.

Once the athlete is
diagnosed with an ACL
injury, the first step is
to decide whether to
undergo surgery to
reconstruct the torn
ligament, or to reha-
bilitate the knee with-
out surgery. ACL
reconstructive sur-
gery is only recom-
mended for athletes
who continue to
suffer from repeti-
tive bouts of the
knee giving away,

Figure 3A
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tive sport level. Ath-
letes deciding not to ~ Tibial
have reconstructive
surgery may be able
to return to an ac-
tive lifestyle after
completing a reha-
bilitation program;
however, they must
learn to modify
their activities to
accommodate for
the compromised
stability of the
knee due to the lost
check-rein func-
tion of the ACL.
Preoperative
rehabilitation
is important for
those athletes who
choose to undergo
surgical reconstruction. The
main goals of the preoperative
rehabilitation protocol are to
reduce swelling around the
knee joint, and to restore full
range of motion and functional
strength to the injured limb.
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The preoperative rehabilita-
tion phase prepares the pa-
tient physically and mentally
for both the surgery and the
postoperative rehabilitation
program.

Postoperative rehabilita-
tion begins immediately after
surgery. The most important
goals in the first two weeks
are to reduce swelling and
restore full range of motion
of the knee in extension and
flexion. Once range of mo-
tion is restored and swelling
is minimized, the progression
of the postoperative program
depends on the patient’s de-
termination, level of swelling
and pain, and the clinician’s
knowledge of the normal bio-
loglcal progression of healing
of the recon-
structed liga-
ment.

Some ath-
letes progress
rapidly in the
postopera-
tive phase of
rehabilitation
and may begin
sport-specific
training at a
low intensity
level in two to
three months.
However, full
functional re-
habilitation of
the reconstruct-

ed ACL may not
/ occur until six
to 12 months
postoperatively.

The therapist
must be careful
about the pro-
gression of the
rehabilitation
exercises and
the timetable
for returning the
athlete to their
particular sport.
An accelerated rehabilitation
program under a controlled
environment allows the ath-
lete to return to sport sooner,
without increasing the risk of
complications.
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Origin and Insertion Points
of the Anterior Cruciate

Ligament

The bottom of the femur
consists of the medial and lat-
eral femoral condyles, circular
bony protuberances that are
separated by an intercondylar
notch. The top of the tibia
consists of the medial and lat-
eral tibial plateaus, flat slightly
concave surfaces that articulate
with the respective femoral
condyles. The anterior cruci-
ate ligament originates from
the posterior outer aspect of
the intercondylar notch and
proceeds anteriorly, where it
inserts onto the outside edge
of the medial tibial plateau.
See Figure 1.

Graft Tissue Healing
Post-Surgery

In athletes, a torn anterior
cruciate ligament is typically
removed and replaced with
tissue of their own that is simi-
lar in length and strength. The
two most common self-tissue
grafts are the bone-tendon-
bone (specifically, tibial tu-
berosity bone - patella tendon
- patella bone graft) (Figure
3A), and the hamstring ten-
don graft (specifically, the ten-
dons of the inside hamstring
muscle [semitendinosis], and
adjacent groin muscle [gracil-
lis]) (Figure 3B). The selected
graft tissue would be surgically
placed in the anatomical loca-
tion of the previous ACL, and
then secured by interference
SCIEWS.

Both types of grafts have
advantages and disadvantages.
The surgeon selects the ap-
propriate type of surgery based
on the patient’s sport and the
movements most frequently
used.

A study by Rodeo, et al.,
evaluated tendon-to-bone
healing in a dog model and
found that a firm attachment
of tendon to bone occurred
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at 12 weeks post-surgery.
At two weeks post-surgery,
there was still no continuity
between the graft tendon
and the insertion point in
the bone. At four weeks
there was minimal conti-
nuity between tendon and
bone. At eight weeks, there
was considerably improved
continuity between tendon
and bone. After 12 weeks,
the tendon graft was safely
secured to the surrounding
bone, at which point failure
of the graft-insertion point
was minimal.

Based on the results of
the above study, from zero
to four weeks post-surgery,
therapy should focus on de-
creasing inflammation and
restoring full range of mo-
tion of the knee. Swimming,
stationary cycling, isometric
contraction exercises, and
other low-force muscle in-
tegrating techniques can
be implemented in the ear-
lier stages of rehabilitation.
If the patient experiences
pain, swelling or decreased
range of motion of the knee,
the inflammation should be
reduced, range of motion
restored, and the intensity
of the rehabilitation phase
should be slowed down.
During the 12-week healing
period, a skilled therapist
should carefully monitor ex-
ercise selection to reduce the
risk of complications.

Rehabilitation of
the Knee: Decrease
Swelling and Restore
Range of Motion

Rehabilitation after ACL
reconstruction surgery should
initially focus on decreasing
inflammation and restoring
normal range of motion. Ev-
ery patient heals differently;
the progression of the reha-
bilitation program should be
customized to the athlete and
progressed to his or her toler-
ance.

Initially, decreasing inflam-
mation around the knee joint
using ice, compression, and
elevation is feasible with a
couple of icepacks, an ace ban-
dage, and pillows to prop the
leg up. Ice therapy should be
maintained 20 minutes on and
one hour off, multiple times per
day. Ankle pumps (flexion and
extension of the foot) with the
leg elevated can be conducted
five minutes per hour to further
reduce swelling. A cryotherapy
cuff, if available, is a more ad-
vanced method of decreasing
inflammation. The device can
be wrapped around the knee and

filled with ice water. A cooler of
ice water is attached by tubing
to the cuff and can be used to
replace the old water in the cuff
with ice-cold water every hour.
Anti-inflammatory medication
is also useful in reducing swell-
ing around the knee joint.

The next couple of steps of
the postoperative phase should
be conducted to the patient’s
tolerance.
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The patient should use
crutches following the first
two days post-surgery, with
minimal weight-bearing. Ad-
ditional weight may be ap-
plied to the injured leg, with
crutches, as tolerated. By the
end of the first week, the pa-
tient may ambulate without
the support of crutches if a
normal walking gait cycle
with full weight-bearing can
be sustained with no notice-
able instability. The patient
should be able ato ambulate
without crutches six to seven
days postoperatively.

Restoring full range of mo-
tion of the injured knee, par-
ticularly in extension, should be
a priority in the first two weeks
post-surgery. After the first week
of postoperative rehabilitation,
the patient should be able to
fully extend and flex the leg to
110 degrees. At this point, full
extension is the most impor-
tant goal; flexion of the knee
improves steadily as swelling
around the knee joint decreases.
If full extension of the knee is
not restored within two weeks
post-surgery, scar tissue may
develop in the joint, prevent-
ing the restoration of full knee
extension.

The continuous passive
motion machine (CPM), an
electrical motor-driven device,
may be used in the hospital im-
mediately following recovery
from surgery. This machine
has shown promise in helping
to restore normal motion and
flexibility of the injured leg.
The CPM supports the leg while
moving it from full extension
to a progressively set degree
of flexion. There is a 10-sec-
ond pause at the end of each
movement, during which time
the patient will isometrically
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contract the quadriceps (front
thigh muscles).

After the patient is released
from the hospital, a specific
series of exercises (provided
by a trained therapist) should
be done as often as possible to
restore full range of motion of
the knee in extension. Passive
extensions (Figure 4A) and
weighted extensions and prone
leg hangs (Figure 4B) are

useful exercises for restor-

ing extension of the knee.

During passive exten-

sions, the patient can

lie on the back with
the heel propped up
on pillows. Once the |
leg is relaxed in ex-
tension, the patient

~ tract the quadriceps
- musculature to push
the knee further into
extension. The patient then
holds the quadriceps con-
traction for five seconds, and
then returns to relaxed ex-
tension. This exercise should
be done for 15 minutes and
repeated every waking hour. If
extension is not achieved this
way, the patient may progress
to weighted extension exercises
by placing a 5-10 pound weight
just above the knee and fol-
lowing a similar procedure as
passive extensions. The patient
should be instructed to perform
this exercise for 10 minutes,
taking the weight off for one
minute and repeating multiple
times during the day. Prone leg
hangs (Figure 4B) can also
aid in restoring extension of
the knee. Have the patient lie
on the stomach with the knee
just past the edge of the table
or bench with the knee in full
extension; use a weight if strug-
gling with full extension. The
patient should perform this
exercise for 10 minutes, gently
flexing and extending the knee
and repeating multiple times
per day.
Towel stretch extension ex-
ercises (Figure 4C) can be in-
corporated if the above exercises

Figure 4C e,

are not restoring extension ap-
propriately. The patient sits on
a bench, places a towel around
the foot of the injured leg, and
applies tension to the towel to

dorsiflex the foot, pulling the
toes backward. The patient then
raises the heel off of the ground
to bring the knee into exten-
sion, while placing the other
hand on the thigh to stabilize
the leg.

A device such as that
shown in Figure 4D can also
be used to forcefully restore
extension of the leg. This is
to be used if extension of
the leg is not restored before
two weeks post-surgery. The

patient lies down on the back
with the ankle raised and se-
cured into a heel rest; a pad
would be placed above and
below the knee joint. These
pads are secured by ropes
passing through a ratchet
system that would be tight-
ened to force the knee into
full extension.

A normal gait cycle depends
on a person'’s ability to lock the
knee in full extension while
weight bearing. The following
resistive tubing exercise can
aid in accomplishing this goal.
Resistive tubing can be secured
above the standing patient’s
kneecap and anchored to a
bench behind the patient; the
resistive force of the tubing
will promote full extension
while standing.

Heel slides, supine leg
hangs, and prone flexion exer-
cises with a flexible band (Fig-
ures 5A, 5B, and 5C; next
page) can be used to restore
flexion of the injured knee.
Heel slides are conducted with
the patient lying on the back,
sliding the heel toward the but-
tocks until tension is felt; the
position is then held for one
to two minutes. The heel then

slides down into full
extension. This exercise
should be repeated 10

TN/ times, once every wak-

ing hour. See Figure
SA (next page).
Supine leg hangs are
conducted with the pa-
tient lying on the back,
grasping the hands be-
hind the thigh and
lifting the thigh to-

") ward the chest with the

leg flexed. The patient
then allows the leg to drop
down into flexion, holding
this position for two minutes.
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The knee is then returned to
a relaxed extended position
and repeated multiple times
throughout the day. See Figure
5B.

Prone (on the stomach)
flexion exercises can be con-
ducted with the flexible band.
Starting out on the back, the
patient creates a toe loop with
the band around the injured
knee’s foot, and then turns
onto the stomach. The band
is then swung over the head,
slowly increasing the band’s
tension, hand over hand,
while the ankle is aligned
to the buttocks. The stretch
should be held for three to
four minutes, repeated several
times throughout the day. See
Figure 5C.

The static restraints of the
knee are the ligaments and bony
architecture that limit move-
ment. Surgical reconstruction
of the ACL restores the check-
rein function of the ligament
by preventing excessive forward
movement of the tibia on the
femur.

The dynamic restraints of
the knee are the muscles and
tendons that surround the
knee. These muscles and ten-
dons maintain joint position
and react to changing loads
and forces. Post-surgery reha-
bilitation depends on restoring
the function of these dynamic
restraints, with the main focus
on restoring flexibility and
strength to the hamstring and
quadriceps musculature. During
the initial phases of rehabilita-
tion, isometric strength-train-
ing exercises are implemented,
whereby the muscle neither
shortens nor elongates, but
force is generated. A straight leg
raise is an example of an iso-
metric strength training exer-
cise for the quadriceps muscula-
ture. Later in the postoperative
rehabilitation phase, exercises
will be conducted to develop
eccentric strength (whereby the
muscle elongates to decelerate
a particular movement) and
concentric strength (whereby
the muscle shortens to promote
a particular movement). An ex-
ample of an eccentric exercise
is step-downs off of a two-inch
box with the good leg. During
a step-down, the quadriceps
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of the injured leg eccentrically
fires to decelerate and control
leg flexion; simultaneously,
the gluteus musculature of the
injured leg fires to stabilize the
pelvis, so the body doesn’t tilt
to the side of the uninjured leg
that is stepping down. An ex-
ample of a concentric strength-
ening exercise is forward step-
ups, whereby the quadriceps
concentrically contract to force
the leg to extend. Rehabilita-
tion of the dynamic restraints
will aid in taking stress off of
the repaired ACL, preventing
re-injury.

Proprioception is best de-
fined as reception of sensory
input from mechanoreceptors
(specialized cells located in
the skin, muscles, tendons,
ligaments, and joints), the
visual field, and the vestibular
system. This sensory input is
processed at the spinal cord,
then at the mid-brain or the
more complex cerebral region.
A reflex or motor response is
generated and then regulated
until the desired movement is
attained. There are three main
types of reflexes, the fastest be-
ing the involuntary knee-jerk
reflex, which involves no brain
processing or thought. The
second fastest reflex involves
thought processing through
the mid-brain, and the slowest
reflex involves more involved
thought processing in the ce-
rebrum.

Repetitive balance and
movement drills can transfer
reflexes that initially involve
complex sensory processing
in the cerebrum to the mid-
brain, leading to faster, more
precise movement patterns.
Proprioception training in-
volves retraining and fine-
tuning reflexes and move-
ment patterns through balance
drills, agility drills, plyometric
jumping drills, and sport-spe-
cific training. Proprioception
training will increase the state
of readiness of the knee re-
injuring joint, decreasing the
chance of reinjuring the ACL
upon return to sport.

Full functional rehabilita-
tion of the knee depends on re-
storing static stability, dynamic
stability, and proprioception.
The rehabilitation program
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should be individualized with
regards to the patient’s coor-
dination, desire, and specific
sport.

Weeks 0-2

The goals of the first two
weeks of postoperative reha-
bilitation are to reduce swell-
ing, restore full range of mo-
tion in extension and flexion,
ambulate without the use of
crutches, and sit down and
stand from a seated position.
Straight leg raises, side raises/
abduction exercises, and
assisted leg extensions to
full extension (with the
help of the therapist or
the opposite foot) are
good exercises to initi-
ate muscle firing of the /4

quadriceps and gluteus [

musculature. L
Muscles located in
and above the back of
the thigh, the ham-
strings and gluteus struc-
tures, stabilize the pelvis
during ambulation and
squatting-type move-
ments. Two exercises
that are instrumental in
returning coordinated
strength to the leg are ..
isometric co-contrac- (/-

tions of the hamstring v—

and quadriceps muscu-
lature; and properly performed
quarter squats and full chair
squats. The co-contractions
should initially be conducted
at 30 degrees of flexion, pro-
gressing at 10-degree intervals
up to 90 degrees. Squats should
be conducted at the patient’s
tolerable range of motion in a
controlled manner. During the
squat, the patient should focus
on squeezing the hamstrings
and gluteus musculature dur-
ing the downward movement
of the squat and keep a vertical
shin angle; these two actions
will prevent the patient from
leaning forward and placing
undue stress on the knee joint.
As the patient squats down,
the quadriceps musculature
fires to decelerate flexion of
the leg, while the hamstring
and gluteus musculature fire
to decelerate the pelvis from
rotating forward. The ham-
string musculature also aids
the reconstructed ACL in its
check-rein function on the tib-
ia. These exercises are crucial
in developing the coordinated
muscular activity of the ham-
string, gluteus and quadriceps
musculature that is necessary
for a normal walking gait dur-
ing full weight-bearing on a flat
surface, as well as for walking
up and down stairs and getting
into a seated position.
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Figure GA
Step-Downs

Step-downs (Figure 6A) are
another useful exercise that can
be included in the second week
of postoperative rehabilitation.
For this exercise, the patient
stands with both legs on a
designated raised surface and
then steps down to the ground
with the non-injured leg. These
exercises should be conducted
in front of a mirror to ensure
proper technique.

Apprehension in flexing
the injured leg or weakness
in the gluteus musculature on
the same side will cause the
patient’s pelvis to
drop down to the
side of the leg that
is stepping down.
Correct technique of
step-downs is neces-
s sary for the patient
to maintain hip sta-
bilization, prevent

{ pelvis drop, Appre-

hension in flexing
the injured leg or
weakness in the glu-
teus musculature on
the same side will
cause the patient’s
: pelvis to drop down
Al to the side of the
\-A leg that is stepping
down. Correct tech-
- nique of step-downs
sl is necessary for the
patient to maintain
hip stabilization, prevent pelvis
drop, and ensure proper co-
contraction of the hamstring
and quadriceps musculature
of the injured leg, to achieve
a controlled leg flexion as the
other foot touches the ground
surface. Step-downs should
commence at two inches off
the ground for 25 controlled
repetitions. The step-down
height can be increased to four,
six, and eventually eight inches
as the patient regains motor
control of the hip stabilizers,
gluteus and hamstring muscu-
lature, as well as the decelerator
of leg flexion, the quadriceps
musculature.

After ACL repair, the sutures
are usually removed between 10
days and two weeks post-surgery.
Once the wound heals, pool
therapy can begin. Specialized
pool routines are recommended
for total body training, with an
emphasis on hip and knee flexion
and extension movements, as
well as core strength exercises to
include all of the muscles involved
in stabilizing the torso from the
hips to the shoulder. The patient
holds floatation bars while con-
ducting various movements in the
pool to improve the coordinated
strength of the hip stabilizers,
knee extensors and flexors, as well
as the core strength musculature.
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After 115 degrees of leg
flexion is attained, station-
ary cycling can commence to
increase range of motion of
the knee joint, as well as pro-
vide light endurance exercise.
Other exercises that can be
used to increase range of mo-
tion and muscle coordination
are swimming and the elliptical
machine.

All of the above exercises,
included in the second week
of the postoperative rehabilita-
tion phase, should be conduct-
ed to the patient’s tolerance
and in a controlled setting. If
swelling occurs or if there is
decreased range of motion in
the knee joint, the progression
of the rehabilitation phase
should be slowed down, the
range of motion restored, and
the swelling reduced.

Weeks 3-5

In weeks 3-5, functional ex-
ercises can be added to the reha-
bilitation routine. The following
exercises are recommended:

1. Balance star drills on a flat
surface — balance while reach-
ing forward with the good leg
or opposite arm.

2. Bulgarian squats - with the
good leg up on a bench/chair,
perform the squat with the
injured leg (Figure 6B).

3. Pelvic bridge-lying on the back,
legs flexed to 90 degrees, lift the
buttocks off of the floor while
squeezing the glutes and the
hamstrings.

4. Balance drills on a disco-sit/
curved seat cushion.

5. Ball squats without weights, and
later, with weights held during
the squat (Figure 6C).

6. Single-leg Romanian deadlifts
- on a step box, bend forward
from the trunk while hold-
ing a weighted ball with both
hands in front, and balance
on the deconditioned leg

(Figure 6D).

7. Leg presses — pa
single leg. — %
8. Abduction, ad-
duction, single-
leg extensions,
calf raises.

4
9. Ball tosses while fuf

balancing on a
balance board. (

10. Lunges.

11. Exercise ball hamstring
curls.

12. Towel stretches and stand-
ing extension stretches with
resistive tubing.

Delayed-onset muscle
soreness is expected. If there
is normal range of motion, no
immediate swelling, and muscle
pain dissipates in two to three
days, the patient can continue
to progress with the rehabilita-
tion routine.

Weeks 6-8

1. Progress to heavier weights
with the above exercises.

2. Continue towel stretches
and flexible band stretches to
maintain and increase range
of motion of the knee in both
flexion and extension.

o~ Figure 6C
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3. Proprioception drills

- e.g., wobble board exercises
balancing on two legs, bal-
ancing on one leg, ball tosses
while balancing; done with the
eyes closed for

Figure 6B advanced drills.

Bulgarian
Squats

Weeks 8-11
l1.Romanian
deadlifts; and

2. light sport-
specific training
- e.g., a basket-
Ry ball player shoot-
ing free throws
or conducting
passing drills.

Week 12

If the patient has full range
of motion and strength of the
musculature surrounding the
knee, he or she may start a
running program: treadmill
running for 10 to 15 minutes,
level surface running on ce-
ment for 20-30 minutes, hill
running, sprinting, figure 8s,
side-sliding, start-and-stop
shuttle runs, and 45-degree
cutting. Jumping drills can
teach the athlete how to land
softly while sitting back and
incorporating the hamstring
and gluteus musculature.
These agility drills can be pro-
gressed as tolerated.

4-6 Months

The patient can return to
full light-sport participation, as-
suming full range of motion, 90
percent strength of the hamstring
and quadriceps musculature (as
compared to the healthy leg),
and success in conducting all of
the agility drills with no pain or
swelling.

The therapist should ex-
plain to the patient that while
it is acceptable to return to full
light-sport specific training, it
can take up to three months
of participation to regain the
complex movement patterns
of the particular sport. It may
take seven months to a year
for “ligamentization” of the
grafted tissue, whereby the
grafted tissue becomes almost
identical in its properties to
the original anterior cruciate
ligament.

Therapeutic Restoration
of Soft-Tissue and
Joint Motion

Hands-on treatment of the
repaired ACL can commence af-
ter the sutures are removed and
the wound is healed — approxi-
mately two weeks post-surgery.
This treatment consists of:

* specific muscle work, includ-
ing active release technique,
to free up soft-tissue motion of
the surrounding knee muscula-
ture, helping to restore normal
range of motion of the knee in
flexion and extension;

¢ ultrasound and electric mus-
cle stimulation combo thera-
py to break up scar tissue and
restore normal muscle tone;
and

¢ patella mobilization tech-
niques.

The above treatment proto-
cols are useful in breaking up

scar tissue and restoring proper
joint and soft-tissue range
of motion. This will aid in
speeding up the postopera-
tive rehabilitation phase.

Good communication among
practitioners and repeated pa-
tient follow-ups are crucial in
creating and maintaining the
optimum treatment protocol for
pre- and post-surgery rehabili-
tation of the anterior cruciate
ligament, allowing the athlete
to return to his or her sport
more quickly and with less risk
of re-injury.

Author’s note: This paper was
made possible with the help
and expertise of Keith Callanan,
MPT, CSCS, and Bill Knowles,
ATC, CSCS.
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